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"Bibliography"   and   "Glomary  of  lysttoCll"   are   Included   ai   appendlclei   to 
Volume  IV, 

Chemical Corps Board 
Army Chemical Center, Maryland 

SECRET 

.81 



t 

UNCLASSIFIED 

LIST   OP CONTENTS 

Foreword 

Introduction 

Agenti   -   GA 
01 
CD 
GF 

UNCLASSIFIED 



( 

UNCLASSIFIED 

FOREWORD 

There «xliti «t the  present time  In the Chemical Corpi'  technlccl  litera- 
ture  i  great deal of uncertainty concerning the  propertiei of the moit Im- 
portant war gaiei.     Thli uncertainty hat retulted  from  the  fact that moit of 
the data that are  now  available have  never been collected Into one volume 
and  properly collated and evaluated.     Since tuch  propertiei of war gaiei 
play t\n Important role In many  aipecti of chemical  warfare  research,   the 
need  For a itandard handbook on theie  propertiei exliti. 

li 
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an  attempt  to fulfill luch a need,   It wai  propoied to revise the 
ical Corpi Board Study  36-48,   "Properties of War  Gaiei, " dated 81 

1960.   with the object of gathering the most rcllablu  Information 
ble  on the subject.     Intentions were to make (he study as compre- 
e and complete  as possible.    In order to accomplish this task,   a 
d of exhaustive  literature research had been employed.     This research 
igun In October  1962 and was continued through  November  1904, 
iUng  protection data and data on the  physic«!   .    4 eh«"     ^al  properties 

agents Included In this study. 

The toxicology data for this study were supplied by CmlC  Medical 
Laboratories.     This Information was requested by  the Chemical Corps 
Board in a  letter to CmlC Research and Engineering Command:  Letter, 
CMLEK-AMW,   Chemical  Corps Board.   31 June  1064,   subject;   "Revision of 
Chemical  Corps Board  Study  36-48. " 

this study does not Include  the data on the  physical  and chemical 
properties (categories  1  through  14)  for the mustard agents.     The data 
are being  assembled by CmlC Chemical  and Radiological  Laboratories. 
Informal  coordination  with  Dr.   Wardell,   Information  Group,   indicates 
that  their  report on the   properties of KD,   Q,   and  T will be  completed In 
the  near  future: however,   the data on  HO.   HT,   ML,   L,   HN1.   and  HN3 
will  require  more  time. 

CmlC  Research  and  Engineering  Command  have  agreed  to assume  the  respon- 
sibility of keeplrg  the study on an  up-to-date  status. 
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NOTE 

All  cliiiifitd documanti cited  In thli rtpcn   ',np**t und«r th« call 
numban  givtn  ih«m by  th«  Technical  Library of  ,Umy Chamlcal  Centar, 
Maryland. 
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INTRODUCTION 

The  matcri«! for each agent hti been divided Into 26 categorlei.    Theie 
cetegorlei »re  «i followi: 

1. Bibliography of Second Sourcei of Information on the Agent 

2. Name,   Formula,   Molecular  Weight 

3. Phytiological  Action,   Tactical  Ute,   Statut,   Runian Interest 

4. Phyiical State,   Melting  Point,   Boiling Poirt 

5. Liquid Deniity 

6. Solubility in Organic  Solventi 

7. Solubility in  Water 

8. Hydrolyiii 

8. Effect of Heat  and  Blait 

10. Stability in Storage,   Action on  Metall 

11. Latent  Heat of Vaporization 

12. Relative Vapor  Deniity 

13. Vapor  Preaiure 

14. Volatility in Atmoipheric Air 

16, Odor  and Median  Detectable  Concentration 

16, Toxlclty  by Inhalation 

17, Eye  Toxlclty 

18, Oral  Toxlclty 

19, Skin   Toxlclty   and  Clothing   Penetratioii 

20 , Speed  of Action 

21,     Detoxlcation  In  the  Body 

UNCLASSIFIED 
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22, Medical  Protective or  Pint  Aid Meaiurea 

23. Detection 

24. Individual  Protection 

26, Decontamination 

The remainder of the  Introduction comliti,   in effect,   of 36 Individual 
Introductions  to the  26  categorlei outlined In  paragraph  A,   above. 
Readen  finding themielvei  unfamiliar  with  tome  aspect  of the  inform- 
ation given in  any  category  in the  body of the report  ihould refer  to 
the correipondlng category  in  the introduction  for an explanation. 

: 

\ 
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CATEGORY   1 

Intro   •   1 

BIBLIOGRAPHY  OF  SECONDARY  SOURCES 
Of INFORMATION ££ XÜJ A£M1 
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CATEGORY   2 

NAME,   FORMULA.   MOLKCULAR  WEIGHT 

1.     All  agenti  have   bean named  according to  tha  iyitam of chemical 
nomanclaturc  that wai adopted by the  American Chemical Society 
In  1963. 

9.    Both the empirical and itrurtural  fotmulai of each  agent  are given. 
The ordet   In which  the  elementi  are given In the  empirical  formula 
conforms to the lyitem used In the  formula Indexei of Chemical 
Abitracti. 

3.     All  molecular  weighti have  been chlculated  to two decimal place« 
using the set of international atomic   weighti published by the _ 
American  Chemical  Society  in 1963. 

UNCLASSIFIED 
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CATEGORY  3 

PHYSIOLOGICAL   ACTION,   TACTICAL JJSE,   STATUS. 
RUSSIAN INTEREST"" 

< 
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CATEGORY   4 
===== 

PHYSICAL   STATE.   MELTING   POINT.   BOILING   POINT 

1.     By  melting  point (M?)  or  freezing  point (FP)  In  this document  Is  meant 
that temperature  at  which  an infinitesimal  amount of the solid  phase 
of an  agent Is In equilibrium  with the  agent's  liquid phase.     Theoretl' 
cally,   the MP and PP of an ag«nt  are  the  same  temperature.     In practice, 
however,   the  two may differ somewhat depending upon  the  method em- 
ployed.     The  use of the  symbols   "MP'   or   "PP"  is  arbitrary.      "MP"  Is 
generally used If the temperature  Is approached from below (by heating) 
and  "pp"   if the  temperature  Is approached  from  above (by cooling).     The 
symbol  used for  each value that  Is given In this document Is  the  same  as 
the  symbol  used  by  the  Investigator  who reported  the value. 

i 

Si.    The  triple point (TP) of a compound is defined  as  the  temperature  at  which 
all  three  phases of the compound (solid,   liquid,   and vapor)  are  in equi- 
librium.     It is the compound's MP (or  PP)  under  its own  vapor  pressure. 
The  MP discussed  In  paragraph  1  (above) differs  from  the  TP In  that it Is 
usually determined  under  atmospheric   pressure.    For most compounds this 
difference is  negligible,   however,   and,   except In very  precise  work,   the 
two temperatures may be considered the same.     The vapor pressure  that 
is given  for each  agent  at its TP therefore  has  been calculated  using the 
agent's  selected  MP. 

3. iy boiling point (BP)  In  the  title of this category is  meant the   agent's 
normal boiling point,   that  is the  temperature   at which  the  agent exhibits 
760  mm  Hg  pressure.     Boiling  points reported  at reduced pressures  are 
given in category  13. 

4. In calculating the BP's of tnose agents that are mixtures, experimental 
vapor pressure data have seen used whenever such data were available. 
In any case where experimental data were not available, the agent was 
assumed to obey  Raoult's  Itw  and  the BP was calculated  accordingly. 

» 
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CATEGORY   5 

Intro  ■   ft 

LIQUID DENSITY 

1. ihc  word     liquid'   || ui«d in the  title of thii category merely to differ- 
entiate  the  category from category 12 which li entitled  "relative vapor 
donilty",     Actually,   data on the density of lolldi at well at  llquidi  ate 
given  in thti category.     Data referring to the solid  phase of an agent 
have  been  marked with the  word  "solid"  in parentheses. 

2. Density data for each agent have  been selected at  the following temp- 
eratures:   -40°!   (or  tome  temperature at  which  the  agent is solid If its 
MP Is  above  -400F).   32°,   68°,   and  ie0oF.     These  temperatures are  also 
given  in degrees centrlgrade  In  the body of the report. 

UNCLASSIFIED 
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CATEGORY  6 

SOLUBILITY   IN  ORGANIC   SOLVENTS 

An  attempt hai been made to gather ai much Information at  ponible on mlx- 
turei of each agent with other tubitancei.     The bibliography of this category 
for each  agent,   therefore,   It made up not only of reports which  contain 10I- 
ublllty data on the  agent In varloui organic tolventi but reports which 
contain data of any  kind (MP,   denilty,   vapor  preuure,   et",) on  mtxturei 
of the agent ai well. 

1 
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CATEGORY   7 

( 

I 

SOLU8ILITY  JJN  WATER 

A  few of the  agenti covered  In this document ere g*iei under  normal 
condition».     The lolublltty of t get In a liquid li greatly dependent upon 
ptenure.     Solubility  data for gaiei are uiually  given In termi of Bunten 
or Oswald lolublllty coafflclenti.     Definition! of theie two quantltlei 
follow. 

Bunten coefficient  -   The  Bunien solubility coefficient  for  a gat in  a 
given  lolvcnt li defined  at the  volume of the  gat at  8TP* that can  be 
dissolved In  •  unit  volume of the  solvent  at a  given  temperature  and 
pressure (partial  pressure of the gas).     The symbol that is  usually used 
to designate the Bunsen coefficient Is  a small Greek sigma (Q). 

Oswald coefficient  -   The Oswald solubility coefficient for  a gas In a 
given solvent Is defined  as the  ratio of ihe volume  of absorbed or 
dissolved gas 10 the volume  of absorbing liquid (or  pure solvent)  at a 
given temperature when the  gas and solvent are in equilibtlum.     It 
may also be defined  as the ratio of the concentration of gas in solution 
(weight per unit volume of pure solvent) to the concentration of gas 
In the vapor phase (weight per unit volume of gas) at a given temper- 
ature  when the gas  and solvent  are In equilibrium.     The Oswald coeffic- 
ient is usually designated by   "L". 

•u - Cs 

where Vg and Vs «volume of dissolved gas and volume of pure solvent 
respectively,   and 

Cs  and Cg «concuntratlon of gas In solution and  concentration 
of gas In  the vapor  phase respectively. 

For  more  Information on gas/solvent  phenomena and the  factors  which 
alter  them  see  Markham   and  Kobe,   Chem.   Rev.   2JI.   619 (1941). 

* STP «standard  temperature  and  pressure,   0oC and  760  mm   Hg. 

UNCLASSIFIED 
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CATEGORY   8 

HYDROLYSIS 

Provided  tufficlent  data   were   available,   the  hydrolyili  half-Ufe  of eat h 
agem  In  water of pH  7 «t  20oC  hai been calculated. 

UNCLASSIFIED 
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CATEGORY  9 

( 

EFFECTS  OP  HEAT   AND  BLAST 

1.    The data given In thli catagory for each agent may be of any or  all of 
the   following   typen: 

Plaih  point 

Auto-lgnltlon temperature 

Inflammability  llmlti of mlxturei of the  agent with air 

Data on thermal decompoiltion, 

Data on decompoilrlon of the agent when dUiemlnated cxploilvely 
or  by thermal  generation, 

Occailonally all  that could be found In the  literature concerning the 
thermal decompoiltion of an agent wai a itatpmeni  that It  "decompoiei 
rapidly"  at tuch and tuch  a tempnature.     By  thli and other ilmllar, 
qualitative  itatementi that are given (or KSMIt of the agenti In thli 
document li meant  that the agent ihowi noticeable decomposition  after 
remaining at the specified temperature  for  anywhere  from a few tecondi 
to a  few houn.     Data which refer to the decomposition of the  agent in 
storage over a period of sisveral days  to several years are given  In cat- 
egory  10. 

< 

3.    By  "disseminated explosively"   in Item (e)  of paragraph  1,   above.   Is 
meant disseminated  by filling explosive  type  munition«,   such  as shells 
and bombs,   vtith the  uprnt   and  functioning  them       "Disseminated by 
thermal generation"   refers  to dissemination  from  smoke   pots or candles 
and ilmllar devices. 

UNCLASSIFIED 
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CATEGORY   10 

8TABUITY  IN, STORAGE.   ACTION ON  METALS 

1.   A« Indicated In category  9,   only data  which refer to the decompoiltlon 
of an agent In storage over a period of teveral days  to ieveral  yean are 
given In thli category.     Data on the  "rapid"  decompoil tlon of an agent 
(within a few tecondi to a few houn)  ate given in category 9. 

9.   In  lummarlslng the Information available In thli category on thuie agents 
for which efficient stablliiers have been found,   the  phrase  "for long 
periods of time"  Is used to describe the stability of iStt agent.     This 
phrase li hereby defined to mean  any period of time  longer than one 
year. 

' 
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CATEGORY   U 

LATKNT  HEAT  OF VAPORIZATION 

1.    The   latent  heat  of vtpotUttlon  (AH)  of each  agent  hti  been  calculated 
at the  agent'i  normal boiling point (BP),   provided lufflclenr vapor 
prenure data were available  In the vicinity of the 8P to allow tueh a 
calculation.     For thoie agenti whoie BP'i do not He between '40° and 

710C,   th* AH hai alio been calculated  at 20oC. 

3.    The heat of vaporization (or lubllmation) of a compound ii uiually 
calculated from vapor  prenure data  and  the Clapeyron or Clauitui- 
Clapeyron aquation.     At  pranurei of a few  atmoipherei or lets the 
Clauslui-Clapeyroii equation,   which followi.   Ii usually  uied. 

±JLiJL-Ei-.=SLiL 
d  (1/T) R 

At very high prenurei the more accurate  Clapeyron equation should L« 
uied. 

dp H 
it   TS; 

Moit of the valuet given in this document were calculated from either 
of these two equation!. 

In calculating the AH'I of thoie agenti  that are mixturei,   experimental 
vapor  preMure data ware  uied  whenever tuch data were  available.     In 
any case where experimental data were  not available,   the mixture wai 
anumed to obey Raoult'i law and the  latenf heat of vaporliatlon wai 
calculated accordingly. 

UNCLASSIFIED 
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CATEGORY   13 

RELATIVE VAPOR DENSITY 

ly "relativ« vapor demlty" In this document li meant the ratio of the 
weight of a unit volume of an egent'i vapor to the weight of an equal 
volume of dry  alt at the tame temperature and preuuie. 

Relative vapor denilty deniltv of vapor  at T and P 
denilty of    alt     at T and  P 

In the chemical  literature thli ratio li alio referred  to at a compound'i 
"vapor denilty relative  to air"  or limply  "vapor denilty (•lra«l)*, 

At ambient temperature! and  at prenurei of about one atmoiphere or 
leu moit agenti do not depart appreciably from  the Ideal fftl law. 
Their relative vapor demltlei therefore  may  be calculated  from the 
following ilmple  relatlomhlp which li eailly derived from  the Ideal 
gai law. 

M W Relative vapor denilty — m«   b| 

where  MW«»the  molecular weight of the  agent and 
38. 96«"the  mean  molecular  weight of air. 

All of the relative vapor demltlei given In thli document (excepting 
thoie  for AC)  were calculated from  the above equation.     Each hai been 
marked with the wordi "theoretical value"  in parontheiei. 

" 
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CATEGORY   13 

VAPOR  PRESSURE 

1. Vapor  prenure  data  have been  telected  for each   •g*nt  at  the  following 
tempecaturei:     -40°.   0°.   32°.   680,   126°,   «nd  160°F.     Theie  tempera- 
turai  ate  alio given In degrees centigrade In the  body of the  report. 

2. All valuei  for  the vapor  pronure of the «olid phaie of an agent have been 
marked with  a imall   "i"  In parentheiei. 

3. Valuei that have been lelectod for thoiw  agents that  are  mixtutei were 
taken  from experimental  data  whenever  tuch data were  available.     In 
casei  whore experimental data were not  available,   the  mixtures were 
assumed to obey  Raoult's  law  and  the desired values were calculated 
accordingly. 
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VOLATILITY IN  ATMOSPHERIC  AIR 

1. Volatility valuei have  been calculated for each agent at the  following 
temperatuiei:    -40°.   0°.   32°,   68°.   126°,   ieo0F and the agent'i normal 
boiling point (B;')>     AH valuei given at tern pcraturei below an agent'i 
UP have been calculated from the  vapor  prenure data that were lelected 
for the agent  at theie  temperarurei In category  13.     All valuei given 
at temperaturei above  an agent'i BP (Including the  BP) have been cal- 
culated  at atmoipherlc  prenure (760  mm  Hg).     The data have been 
preiented In thli tathtsr unorthodox faihlon for a number of practical 
reaiom,   the moit Important of which li to facilitate comparlion of 
an  agent'i toxlclty  by Inhalation to Iti volatility (or maximum vapor 
deniity)    under normal  ambient condition!. 

2. All volatility valuei (excepting thoie  for AC) have been calculated 
from the Ideal gai  law,   PV—nRT. 

3. Of Intereit li  the fact  dlicovered by Hoffman that the rate of evapor- 
ation of a compound at  a given temperature li approximately  pro- 
portional to the product of the compound'i vapor  prenure  at that 
temperature and Iti molecular weight. 

Revap.   =.K.   (p.) (MW) 

For further Information  tee Hoffman,   Ind.   Eng,   Chem.   2J,   136 (1932). 
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CATEGORY   16 

ODOR AND  MEDIAN   DETECTABLE CONCENTRATION 

Thli category contilm Information on: 

t.     Dcicilption of odor 

b.     Median detectable concentration (DC60)  by odor,   or by  Irritation 
of note,   throac,   eyet,  or ikln. 

UNCLASSIFIED 
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CATEGORY  U 

Intro  -  10 

TOXICITY   BY  INHALATION 

Thli category contain! Information om 

a. Median  lethal exposure (LCt&0). 

b. Median  Incapacitating expoiure (ICtgo)- 

c. Whether or not the  agent li toxic or  Irritating to the reiplratlng 
tract. 

4.     Data on chronic  toxic I ties. 
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CATEGORY   17 

EYE  TOXICITY 

Thli category contilm Inforiratlon om 

t      Median lethal end Inctpecltttlng doiei (LDB0 and ID50) for liquid 

agent. 

b. Median  lethal  and  incapacitating expotutei (LCt50  and ICtso)  '»' 

vapor  agent. 

c. Whettuti or not the  agent affecti the eyei or  poiioni lyitem after 

entry  into the body through the cyai. 

UNCLASSIFIED 
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CATEGORY   18 

ORAL  TOX1CITY 

Thli category contain! information on: 

a. Median  lethal doia (LD50). 

b. Median incapacitating dote (IDjo)- 

1 

•; 
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CATEGORY  19 

iMH TQMSUX AM BkJMlJtt ',B^BTPATllo^ 
Thli category contain! Infurmaiion on: 

a. Median  lethal and Incapacitating doiei (LD60  and ID50) fo'  liquid 
• g«nt. 

b. Median lethal  and incapacitating exposure (LCtß0  and ICift0)  for 
vapor agent. 

c. Whether or not  agent affects ikin or poiioni lyitem after penetration 
of ikln, 

d. Special  type of clothing necenary for adequate  protection. 

UNCLASSIFIED 
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CATEÜORY  20 

8PEID OP  ACTION 

Thti category contain! Information on: 

a. Average  tint« required to Incapacitate victim. 

b. Average period of Incapacltatlon. 

Intro -  30 

UNCLASSIFIED 
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UNCLASSIFIED tout - 31 
CATEGORY  21 

DHTOX1CATION IN   THE BODY 

Thli category contain! Information on; 

•1     Rat« of detoxicatlon 

b.     Rout«  of «ntry If rate  depends (hereupon. 

UNCLASSIFIED 
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CATUGORY   22 

MEDICAL   PHOT8CTIVE  OR FIRST  AID  MEASURES 

Thli category  conttlm Infotmatlon on: 

Piacilcil protective  or  flnt «id motiurc« that  ate effective  agalnit 
the  agent  luch  ai olntmenti,   mcdiclnali.   «to. 

UNCLASSIFIED 
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CATBGORY  23 

DETECHON 

Thti  category conttim Information om 

The  latoit  and  moit  «ffccilv« moani cf datactlng the ipeclflc  agent, 
the  typo  of kit,   the  iiemi In the kit (vlala,   papan,   «tc.)  that  are 
uied.   the  color change  or noticeable  roactlom  that take place,   brief 
deicrtptlon of the  chemlitry Involved. 

UNCLASSIFIED 
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CATEGORY   34 

INDIVIDUAL   PROTECilON 

Thli citegory < omalni Information on: 

Th«  type of maik,   caulittr,   clothing which should b« uied to protect 
v      -■' 

an Individual  agalmt th« agant and their  relativ« «ffecti veneii, 

■ 

UNCLASSIFIED 
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UNCLASSIFIED IM.« - M 

DECONTAMINATION 

Thti < «tegory containi Information un: 

The  typei of dacontamlnatlon  -   decontamination of leaking munition! 
In  itorage  and  •'   oo   'amlnatlon In  the   field.     For tome  agents  the 
two will be  coutlderably different.     The cheapeit  and moit effective 
meant of decontaminating  areas of this agent  are  considered. 
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GA   -   TABUN (Geiman) 

CATEGORY   1 

SECONDARY   SOURCES  OP   INFORMATION  ON GA 

Leiden deilrlng Information on GA which li beyond the icope of this 
document may find the  following worki of great value. 

With Bibliography 

ETF   100. 2b  (1948) 
ETF   107-3 (1946) 
ETF   107-7  (1946) 

(~ ETF  660E-8327 (1951) 
MDR  169  (1948) 
MLSR  23  (1963) 
Porton Memo  35 (1950) 
TCIR 481  (1949) 

Without  Bibliography 

PR 2747 (1947) 

• 
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SECRET 
CATEGORY   I 

C A.2 

NAME.   FORMULA.   MOLECULAR   WEIGHT 

A.     Blb|logf«phy 

Non« 

I,     Sumrotry 

1. Techulc«! Name: 

2. Common  name. 

3. Chemical   formula: 

4. Molecular  weight: 

Z.     D11 c u 111 o n 

Ethyl dlmethylphoiphoramldocyanldate  or 
Cyanodlmethylamlnoethoxyphoiphlne 

Tabun (German) 

CbHlli*202p    0» 

162.18 

>N-J-N0-C3H, 

Thli compound may alio be  found in  the  clanified  literature  under the 
following code namei and  numberi: 

MCE 
T-9104 (Brltlih) 
TI.-1678  (UCTL) 
T- 83 (German) 
La  iOO (German) 
I'M    M 1 
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A. 

PHYSIOLOGICAL  ACTION.   TACTICAL   USE.   STATUS 
RUSSIAN  INTEREST 

Bibliography 

1. Air Intelligence Olgeit,   Vol.   4,   No.   8 (Auguat  1961) 

2. KTF   6ftOR-911   (1061) 

Summery 

1. Phyilologlcel action: 

Nerve  gai 

2. Tactical  are: 

GA  may be uied ai a non-penlitent ipray or penlttent ground 
contaminant.     It li very effective  In  producing Immediate 
caiualtlat. 

3. Statut: 

Limited itandard 

4. Ruiilan interest: 

The Runlani have great Interest In GA  as a  warfare agent.     They 
are  known to have captured a full-scale GA  plant upon the  Invasion 
of Germany during World War II.     At the  present time,   they  are 
considered to have  limited  stockpiles of the  agent and are  probably 
producing  It  at  an  appreciable  rate   (Al,   AS). 
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CATEGORY  4 

GA-4 

PHYSICAL  STATE,   MELTING   POINT.   BOILING   POINT 

A .     Blbllogfaphy «nd Data 

1.      CD  Report 6/IS  73 (A.   2166)    (1946) 
Ptn.   4240  (V.   3966)    (1946) 

BP«230oC  (with  dacompoiltion) 

5. 44th  Chem.   Lab.   CMTR 60 (1946) 

BP- 220oC 
3. Suffleld   Technical  Minute   109 (1946) 

MP-   -48. 9° ±0. 3CC 

4. TDMR  1094 () 946) 

Sample #1 FP- -61.0UC    (lit determination) 
FP- -60.8OC    (2nd determination) 

Sample  H* IP- -60.00C    (lit determination) 
FP"  •60.0oC    (2nd  determination) 

Sample  #2 appeared  to be the  purer of the two. 

BPw 2460C    (calculated:  lee category  13) 

6. ETF  660F- 164 (1949) 

BP - 220oC 

The following report contain! freezing  point data on  varloui  mixtures of 
GA   with other  compoundi: 

6.       ETF  860G- 1260    (1944) 

CA/DA 
GA/DC 

B.      Summary of Data and   Se lee ted V aluei 

1.      Phyiica I Kate: 

Pure  CA  li a  colorlen  liquid of low volatility  at room  temper- 

j 

ature. 
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3. Freezing  point: 

-60oC    (-680F) 

8.      Normal  boiling point: 

Compound beglm to decompoie rapidly  at about  lb0oC (300oF). 
Theoretical »P:    280° to a40oC (430° to 4660P)    (obtained by 
extrapolation of vapor  prert. ;e data). 

4. GA of plant    purity hai the following charactarlitlci: 

Amber  to brown  In color. 

FP below  -60oC  (■680P) 

C.   PiicuMlon 

Suffield Technical  Minute  103 (A3) and TDMR 1094 (A4) contain 
the only data on the  PP of GA  that are  available.    Neither report 
glvei lufflclent Information on the  methodi of determination em- 
ployed to warrant telectlon of any of the values reported at the one 
which belt repreienti the true  FP of GA.     The  FP given  In (B2) 
therefore wai telecved  ai an average of the data contained In both 
reporti.     It li probably  accurate  within a degree or  two. 
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CATEGORY  6 

LIQUID DENSITY 

Blbllngnphy  tnd  Dtt» 

1.       CD Report S/I8 73 (A.   2166)    (1946) 
Ptn.   4340    (V.   3066)    (1946) 

Sp.   Gr.-   1.066   •(  220C    (HaO  at   220C) 

tm I, 064  g/cm3  «t  220C 

5. 44th  Chem.   Lab.   CMTR 60  (1946) 

d — 1. 069  g/cm3  «t  180C 

3. NDRC  Inf.   Rapt.   9-4-1.   NS 2    (1948) 

d - 1. 0782  g/cm3 at 20oC 

Thli vail« alto appaan in NDRC Inf.   Rapt.   9-4-1.   N8 3 (4). 

4. NDRC  Inf.   Rapt.   9-4-1.   N8 3 (1946) 

Satnpla #1 d« 1.0762 g/cm3 at 20oC 
Bampla #2 dm 1.0787 g/cm3 at 20"( 
Sample #3 d*l. 1200 g/cm3  at  20oC 
Sampla #4 d* 1.0847 g/cm3  at  20oC 

Tha  following two vatuai  ara glvan In  a d.ffarant faction of the 
rapoii: 

dm 1.076  g/cm3  at  230C 
d- 1.077  g/cm3   at  230C 

Thay appear to ba the tame value« ai those reported for tamplei 
#1 and #2 above. The temperature« are different, however. No 
explanation 1« given -   perhaps a typographical error. 

6. Suffleld  Technical  Minute   109 (1945) 

Sampla  #1      d:      ftom   1.1617 g/cm3 at  -60oC 
:o 1.0618  s/'«nJ «t      60oC    (16  value«) 

Sample   #2      d:      from   1.1486 g/cm3 at  -60oC 
to        1.0616 g/cm3 at    80oC (16 value«) 

Sample  #2  wa« comidered  to be  the  purer ot the  two. 
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6. TDMR  1094 (1946) 

d -  1 . 0869 g/cm3  at   9. 80C 
I, 0731   g/cm3  at  24. 90C 
t, 0638 g/cm3  at  350C 

7. TDMR  1121  (1945) 

d ■ 1. 076 g/cm3  at 20oC 

Thli value  alto  appaan in  TDMR 1138  (8), 

8. TDMR  1138  (1945) 

d • 1. 080  g/cm3 at  20oC 
d ■> 1.078  g/cm3 a-   20oC 

Sample #1 
sample #2 
Sample #3 d-1.078  g/cm     at  20oC 
Sample #4 d «1.079 g/cm3 at  260C 
Sample #5 d— 1.086  g/cm3 at  250C 
Sample #6 d« 1.082 g/cm3 at  260C 

Sample  #1  wai comldered  to be the  purest of the  lot. 

9.      ETF  S60P- 164 (1949) 

d»1.094 g/cm3 at 17.260C 
1. 077 g/cm3  at 200C 

The  following repotti contain dcmlty  data on  mixturei of GA  with other 
compoundi: 

10. ETF   6600- 1260  (1944) 

80* GA/20*DC d» 1.126 g/cm3 

40* GA/e0*DC d -1.243 g/cm3 

11. 44th  Chem.   Lab.   CMTR  60  (1946) 

86  to  90* GA/10  to   16* monochlorobenzene      d ■• 1.081  g/cm3 

at   180C 

12. TDMK   1094  (1946) 

96* GA/6* monochlorobenzene      d — 1. 1001   n/c m11  «t    9. 80C 
I. 0864  g/cm3   at  24. 90C 
1. 0771   g/cm3  at  360C 
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Selected  V>1uei 

Liquid demity: 

1.13» g/cm3  ai  -40oC    (-40°?) 
I, 100 g/cm3 at      0oC 
1. 080 g/cm3 ai 
1. 031 g/cm3  at 

1. 
2. 
3. 
4. 

20oC 
710C 

( 320P) 
( 680P) 
(l«0oP) 

GA of plant purity uiually has a demity of: 

6.      1.09 to  1.11  g/cm3 at    0oC    (320F) 
«.      1.07 to  1.09 g/cm3 at 20oC    («SOP) 

Dlicunlon 

Suffleld Technical  Minute  109 (A6) contain!  what appear to be the 
ben data on the demity of GA  that are available.     Theie data were 
plotted on a demity-temperature graph and valuei (Bl) through (84) 
were obtained therefrom by either Interpolation or extrapolation.     Al- 
though  the data In the original report  are given to five ilgnlflcant 
figures,   they are probably not accurate to more than four.     The values 
'n paragraph 8 therefore are given to four ilgnlflcant fl^urei. 

': 
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SOLUBILITY  IN   ORGANIC   ^ffLVBMTg 

Btbllogfphy and Dtt« 

1.       ETP 6S0G- 1260    (1944) 

GA/OA GA/MD 
GA/DC GA/PD 
GA/AC GA/CG 

r 
GA/HD 

GA/CK GA/chloiobensen« 
GA/H GA/  carbon  monoxide 

9.       TDMR  1299  (1946) 

3. PR  2747     (1047) 

GA 1» lolubt« In  all common organic lolventi 

4. ETF56eP-104    (Tramlatlon)    (1949) 

GA li tolubl« tn monoehloiobaman« 

6.       MDR   184    (1949) 

GA/ethyl caibitol 
GA/butyl carbltol 
G A/taicalln 

6.       CRLR  322    (1964) 

GA/CX 

Summary oj[ Data 

GA  li readily  icluble In almoit all  common organic tolventi. 
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CATEÜORY  1 

GA-7 

} 

A .     Blbllogf>pliy  >nd  D«f 

1. CDR  ft/lS  73    (A.   3166)    (1946) 
Ptn  4240    (V.   3966)    (1946) 

GA li lolubt« In water to the  extent of two to lttl«t percent. 

2. Suffleld  Tech.   Minute  109    (1946) 

Solubility» 8.2g GA/100 ml  solution «t  0oC 

3. ETF  660-6/Flnil    (1946) 

Solubility • 10. Beg GA/100  ml solution at 2&0C 

4. ad  Ind.   CMLRB-CR(CP),   ProJ   4-08-03-006,   CmlC   Cml  end  Red   l.tbi 
to CmlC Reietrch  and Engineering Command,   12 Jun 1963, tubjects 
"Water Solubility of G-Agenti,"  on letter,   CMLEK-A.   Chemical 
Corps Board,   39 Apr 1962. 

Solubility — 9. 8g  GA/100g solution at     0oC 
7.2g GA/100g solution «t  30oC 

I,      Summary M Data 

The solubility of GA  In water  Is  73g GA/1000g solution «t 30oC  (680F) 

C.      Discussion 

The value given in paragraph B  was taken  from the  letter  from CmlC 
Cml and Rad labs  to CmlC research  and Engineering Command.  Cmir (A4), 
which contains the best data available on the solubility of GA In water. 

-- 

71 
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HYDROLYSIS 

A.      Bibllogr»phy  >nd  Dm 

1.      CD Report  5/1S  73    (A.   2166)    (1946) 
Ptn 4340    (V.   3966)    (1946) 

2. TDMR  1121    (1945) 

At 260C!    from  pH  l,tl/2 -4140 mln. 
to       pH 11,   tl/'2-      6 mln.    i6 vtluoi) 

3. ETP  5&0E-6092 (1947) 

At 370Ci      pH  6,0,   k» 0.00365  per  mln.   per  mol  Uteri 

At  370C:       pH   7.4.   k» 0.00546  per   mln.   per  mol   Uien 

4. MDR   127  (1947) 

6.      Porten Tech.   Paper 86 (1948) 

k:    from  0.0167 per  mln.   at pH    2.0 at  120C 
to        0.307    pet mln.   at pH  10.0 at 370C    (30 datermlnatlom) 

6.      Porton Tech.   Paper  130  (1950) 

km l. 14  10'3  per  mln.   at  150C  at   pH  11. 3 
2.72 10'3 par mln.   at 260C at  pH 11.3 

7        ETF  100-29/Plnal    (Talk  9)  Vol.   1,   30   April (1954) 
ETP 100-29/Flnal    (Talk  9) Vol.   2,   30  April (1954) 

B. Selected Value 

.<t 20oC (A80P)  and  pH  7.0,   the half-life  of hydrolyili of GA 
li 8. S houn. 

C. Dticuiiton 

Thli value  wai taken  from  the  data of the  raport  Porton Tech. 
Paper 85 (AS).     Theie data were performed over a  wide  range  of pH 
and  temperature.     The  value  It  the  remit of a  neutral  hydroiyili of 
GA   producing  HCN.     It  can be  teen  that  CA   reacts  «lowly   with  wa er 
and  fairly  rapid with  itrong acidi and  alkalli  with  self-buffering at 
pH  4. 6  (A2), 
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CATEGORY   8 

EFFECTS OF HgAT  AND BLAST 

Blbllogf «phy 

1. TÜMR  il32 (104S) 

2. Porton Tachnical Papitr 46 (1948) 

3. Ptn. /IL.    2101/3836/60    (1880) 

4. Krack«  and  OlPaola.   CRLR report  In praparatlon.   Projact 4-04-16-007, 
lubjact:    Statut Raport,   Dluemlnatlon of Toxic  Aganti by Thermal 
Generation (1964 or   latai). 

Summary of Data 

GA  ii Inflammable In air.     Iti cloiad-up flaih point In atmoi- 
pherlc  air (760  mm Hg) li 1?80F    (780C) (A2). 

The  thermal  decompoiltlon of GA li probably ilmllar to that of 
the other G-aganti.     Complete decompoiltlon takei plac«  within about 
three  houn at  about   160oC (300oF) (Al). 

GA  unc'ergoei comlderable decompoiltlon whan dltiamlnated 
exploilval)  or dliiamlnated by thermal generation (A3,   A4). 
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CATEGORY   10 

STAilLITY  IN  STORAGE.   ACTION  UN  METALS 

Blbllogfiphy 

1.       TDMR  1299 (1946) 

PR  2747    (1947) 

ETF SftOB-7069 
ETF AfiOE-74VS 
ETF ftSOE-7683 
ETF 660E-808« 
ET,'   S60E-6377 

(1948) 
(1949) 
(1960) 
(1961) 
(1963) 

B.      Sumnnry of D«f 

The corroiion rtt« of Gorman GA (6 to 20% monochlorobonton«) 
on iteal hai boon  found to b«  3. 4 x   10'ft Inchai  penetration par 
month  at  e50C  (160oF)(Al). 

( 
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CATEGORY   11 

LATENT   HEAT  OF  VAPORIZATION 

A. Bibliography  «nd  Data 

1. A.      3004/3    (1046) 
Porton  Technical  Papr.   341    (1063) 

AUv4p   -   17. 2  kcal/mol   at   260C 

2. TDMR  1004  (1046) 

AHvAp=;12.0 kcal/mol  at  36° to 06OC 

B. SBlBCtttf lllu« -- 

Latent hear  of vaporization  at  20UC (680P): 

16 kcal/mol (100  cal/g) 

C. Dlicmiion 

The value lelected in paiagfaph B w»i calculated from the 
vapor  prenure data  jf Porton Technical  Paper 341 (Al) and MIT-MR 
163 (category  13,   para A.   item  6).     Theie  two reporti contain the 
beit data available on the vapor prenure of GA at temperaturei 
around 20oC (tee category  13,   para C).     Valuei for the   AH o' GA 
were calculated  from  the  data of both  reporti  uilng  the  Clauiiui- 
Clapeyron equation.     The  reiult obtained  from the Porton data ii 
given in the bibliography (Al):  a AH of 16.2 kcal/mol wai obtained 
from  the  MIT data.     The value given in paragraph B wai lelected  ai ,,» 
anaverageoftheietwovaiuei. 
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CATEGORY   12 

PtUTIYB YAPfiR P8«ftlTY* 

A.     Piblioataphy 

Nona 

B.     ifiüaiiil VJOJU 

ReUtlv«  vapor  aenilty:   6.60  (thaorctlnal   value) 

GA-12 

( 

a.   .     . j _    denittv of vapor  at T   and   P 
•Relative  vapor demlty.    ttttHI of air at  T  and   P 
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YAPQB pmmmiBK 

A.     Bibliography and  D»t» 

1. A.     3804/3    (1046) 
Porton  Tachnlcal Paper  341  (1063) 

By  effuilon manometer  - 

p:      from  0.0374 mm  Hg at   170C 
to        0.0938   mm  Hg at  30oC (6 determlnattom) 

The  following equation wai derived from the above data by  the 
method of laait iquarei: 

log  p« 11. 345 -   *^0      (rangei  17° to 30oC) 
(273. 20K«i  0. 0oC) 

2. CD  Report  6/IS  73 (A.   2166)    (1045) 
Ptn,   4240    (V.   3066)    (1046) 

-' 

p ■ 1. 6 mm  Hg at     S30C 
10 mm Hg at  t20oC 

760   mm  Hg at   2a00t. 

The  following value  wai reported for a German sample.     It alio 
appean  In TDMR  1138  (12). 

p - 2 mm Hg at  03oC 

3. 40th Chem.   Lab.   Co., Monthly  Intelligence  Report,   1  April  to 
30  April   1046 

p —2 mm  Hg at 84° to 80oC 
4 mm  Hg at  06°  to 08oC 

4. 44th Chem.    Lab.   CMTR 60  (1946) 

p —      6  mm  Hg  at   980C 
760  mm  Hg  at   2ao0C 

8.      MIT-MR   163    (1945) 

Sample   wai  fractionally  dlitllled  three  tlmei.     Final  dlitlllatlon 
yielded   - 
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p» 3 to  3  mm Hg  M 78° to 80oC 

Dlitillat« was  uied  to obtain  the  following d«t« (tramfcrc ncc 
method)  - 

p— 0. 038 mm Hg at 20oC 
0.007 mm Hg at 30oC 
0. 210 mm Hg  at 40eC 

6. NDRC  Inf.   Rapt.   9-4-1,   N8  2    (1946) 

p. 4 mm Hg at 87° to 880C 

7. NDRC  Inf.   Rapt.   9-4-1.   NS  3    (1946) 

Sample  wai dlitillad Into fout fraction!.     Following data  ware 
obtainadi 

p» 86 mm Hg at 1660C (lit fraction) 
21.6 mm Hg  at 1210C (2nd fraction) 

7 mm Hg at 98° to 990C      (3rd fraction) 
6 mm Hg at 94° to 103oC    (4th fraction) 

Thaia data ware uied  to dariva  the following aquation: 

log p- 9.11287   -   30718 (range 94° to 1660C) 

The following dlitlllation valuai ware obtained on two other 
lamplai: 

( p. 2 mm  Hg at  80° to 920C 
0.26   to  0.3  mm  Hg at   66°  to  880C 

8.       OSRD  6301     (1946) 

Sample  wai distilled   Into  two   fraction).     Puroit   fra> tlon  yielded 

p-  S mm Hg at  88°  to 08OC 

0.       Sufflrld  Technical   Minute   100 (1046) 

Sample  wai fractionally  diitllled  three  timei.     Final  dlitlllation 
y le Ided   - 

o 
p-   0.2  mm  ilg  at  62   C 
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10. TDMR  1094    (1040) 

By (r«nif«rfnc« method (two dlfforont itmploi) • 

p:     from 0.0404 mm Hg at 80. 0oC 
to        0.073    mm Hg «t 00,OOC    (14 dotarmlnatlom) 

By Ramiey-Young  method   - 

p— 1. IS mm Hg «t 00. 90C 
3. 7    mm Hg at 93.30C 

By vacuum dlitlllatlon (thaia two valuai  -Mio appear In 
TDMR  1130    (12) )   - 

p« 1.0 mm Hg at  72.0°   to 730C 
3       mm Hg at 30°       to 07oC 

The following equation wai darlvad from the above data by the 
method of least  iquarai: 

log p- 0.300  ■  H*5- (range:  80° to 940C) 

11. TDMR  1138    (1940) 

Sample  wai dlitllled Into three fraction».     Pureit fraction yielded 

p- 2 mm Hg at  70° to 780C 

18.       TDMR   1130     (1940) 

13 

14. 

Dlitlllatlon data were obtained on six different lamplet, 
pureit lamplei yielded • 

p»   ca.   1.0 mm Hg at 78.0° to 730C    (Sample  #1) 
3        mm  Hg at 00°       to 870C    (Sample  #8) 

The  following value  wai obtained on a  German    temple: 

p«   2  mm   Hg   at   930C 

ETF  560F-IÖ4    (1949) 

Two 

I  mm  Hg  at     07OC  to  a70C 
760  mm  Hg  at  220oC (8  determinatloni) 

Porton   Technical  Paper   204    (1960) 

Sample   fractionally  dlitllled  twice.     Second dlitlllatlon yielded 
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r 

p m 0. b mm  Hg at  66   C 

16.      Porton  Technical Paper 336    (1963) 

Sample  contained  radioactive  phoiphorout (Pas) 

p-  2 mm Kg  at  100oC 

&«>«cted Valuei 

Vapor prenure: 

(1) 0.006  mm  Hg  at     0oC    (320F) 
(2) 0.037 mm Hg at  20oC    (680P) 
(3) 0.4        mm  Hg  at  620C    (1260P) 

C. 

C 

(4)     2 

Dl tcunlon 

mm  Hg at  710C    (160ÜP) 

The vapor prenure data available for GA are very Inconilitent. 
Porton Technical Paper 341 (Al) and MIT-MR 103 (A6) contain what 
appear to ba the most preclie data that have been reported to date. 
The data of these two reporti »re In agreement roughly to about two 
significant figures. Thli It true only because the data He within a 
narrow temperature range (17° to 40oC), however. The slopes of the 
two sets of data, when plotted on a log p vs. 1/T graph, were found 
to be different and extrapolations of the data diverge  rapidly. 

TDMR 1004 (A  10) contains the only other data that  have  been 
produced  with  any precision,     These data,   when   plotted,   have a slope 
that differs considerably  from  the slopes of the  two previously  men- 
tioned sets of data.     Of the  three  reports  cited  so  far,   however,   only 
the  TDMR report contains data  which  are In good  agreement with  the 
large  mass of distillation data  that have been reported  for GA,     The 
Porton data,   which exhibit  a comparatively steep slope,   fall to agree 
with any of the distillation data  when extrapolated.     And extrapola- 
tion of the  MIT data  results In  agreement  with only the  comparailvely 
high distillation data  of ETF  6&0F-164    (A   13). 

No  values   were  obtained  at  temperatures  below  0oC   because  of 
the   lack of data. 
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SATgftffiY M 

A. »tbllogtaphy 

None 

B. IjitlHi liJjUi 

Volitillty In attnoiphvilc  tin 

(1) 0.06 x  103Rig/m3 at    0oC (   320F) (0.006 mm Hg) 
(8) 0.33 x  103mg/in3 «t 20oC (   880P) (0.037 mm Hg) 
(3) 3 x  103mg/m3 at 620C (1860P) (0.4       mm Hg) 
(4) IS       x  103mg/m3 at     l0C (180oP) (2 mm Hg) -* 

1 

J 
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CATEGORY   y 

G A - 1 6 

A. 

QSLEÜLAaS UÄ&JJLU DETECTABLE CPNCBMIRATIg« 

»Ibllonfaphy 

1.     Medlc.l  Dlvlilon Inform«! Monthly Report (1946) 

a.     Porton Report 4240 (V. 691S)    (194ft) 

1.     Porten  Memo  39  (1980) 

Hüiuiai 
1. Odut of GA  ii fruity or iwcet (A2,   A3). 

2. Median detectable concentration li 9. 2 >*g/l    (2.2 mg/m3) (Al). 

( 
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MIMin   U  INHALATION 

Blbllogf»phy 

MOR  201    (1049) 

Dlicunlon 

1.      Maultn  Ictli«!  expoiute  li 500  m^.mln/m3  for  a  10  minute expoiure. 

8.       Median Incapacitating  expoiure  li   100   mg.mln/m3  for  a   10   minute 
expotut«, 

3. GA   cauiei   bronchocorutrlc tlon . 

4. Thar« It no data on chronic  toxlcltiai. 

SECRET 

1. 16 

• 



( 

SECRET an H 

B4UiiM y 

ULfi. MMMUI 

A.     BlbUography 

1. Porton  Report   2698    (1945) 

2. Porton  Memo  39    (1950) 

Vnpor Applied directly  end  on'y  to  the  ayen 

0.7  mg.mln/m3    (t*   'i  mlnutoi)   -   nn eye  rffnn 
3.2 mg.mln/m'',    (i-  2  mlnutei)       illghi  but  definite   mlnili. 

14-21   mg.mln/m''   -   lever«  heraiilng  efferli  for leverel  dey« 

ng.mln/m1    (i— 10  mlnutei)   -   very tevere htratilng 
one  lubject (vliuel  •«■It«  reduced  for   17  day«) (Al) 

30 mg.mln/m3    (i- 10 mlnutei)   -  very severe haratiing tn only 
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UAAii TPXiGlTY 

No  man data  found, 
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GA-19 

VUM. TQXICITY AÜA CtiOTHlMg 

Blbllogf phy 

1.        RTF  680G-1736 

9.      MOR  201    (1940) 

Dlicunlon 

1. Bated on rabbit  data (LD^-   3,3  rug  per  Kg body  weight)  an  approx- 
imate  LD50 of 0.23 grami/70  kg  man li  attlmated (A2). 

No data  for Incapacitating expoiure  for  liquid GA. 

One drop on  the  ikln,   eipeclally on  the  face,   muit  be  regarded  ai 
fatal (Al). 

2. With the  lungi and eyei protected and  the  body expoied: 

The  median  lethal expoiure  li  20.000  mg.min/m9 (time expoiure 
of 10 mlnutei) 

3 
the   median  Incapacitating  expoiure  it  12,000  mg.min/m      (time 
expoiure of  10  mlnutei). 

3. Agent affecti lyitem  after  abiorptlon  through  ikln. 

4. Impermeable  protective clothing li required for  protection. 
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CATEGORY  20 

ifJJEJ? Q£ AGHOM 

A,     Blbliogr«phy 

MDR  201    (194») 

B-      Piicunlon 

Incipacltatlon will occur  within  1  hour aft«r «xpoiure to agent. 

• 
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SECRET GA-21 

c<UB9gRY U 

DETOXICATION m  ZUA SLQDY 

No  man dita  found. 
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CATEGORY   22 

MEDICAL   PROTECTiVB  gR  FIRST  All  MEASURES 

A. Bibliography 

TM 8-286.   Treatment of Chemical  Warfare  Caiualtlai 

B. Dl»cuitlon 

In  the  treatment of GA caiualttai,   ipeed of treatment ii of the 
enence.     Caiualtloi should be removed from punlbllity of further 
contamination if ponible  and given  an immediate  injection of atro- 
pine and tubjected to artlfivlal reiutcttation.     Present  thought it 
that atropine injection  alone,   while helpful in caiei of mild ex- 
posure,   is of little  value in  more  severe exposure   unless artificial 
resuscitation is  applied.     Either of these  treatments alone is helpful 
but the combination of the two has more  than the  additive value. 
Thorough familiarisation  with  the  subject in reference  TM-286  is 
strongly recommended.     For  skin cnntaminatlcn,   wash with sodium 
bicarbonate  and test as  above.     In the eyes and mouth,   wash with 
3% bicarbonate. 

' 

1 
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GA-23 

PBTBCTIPN 

A. lilbllogr«phy 

1.      PM 21-40,   D«f«ni«  Agilmt Chemictl Attack. 

5. Initructlom  -  Kit,   Chumlctl  Ag«nt An«l.yi«r,   M10A1,   ui«  of 
(37   April   1964) 

a.      Initructlom  -   Kit,   Chemie«! Agent Detector,   M9A2, 

4.      Initructlom   •   Kit,   Water  Teitlng,   Poliom  M-2 (14 July  1062), 

6. TM  3-216,   Military Chamlitry and Chemical Agents. 

6. TM 3-290,   Individual  Protective and Detection Equipment. 

7. TM 8-288,   Treatment of Chemical Warfare Caiualtlei. 

B. Summary 

Objectively.   GA li detected by: 

( 1)    Detector kit (M9A3).     A greenish-blue ring appear« In whit« dot 
tube after wetting with solution from green top bottle.     (Notes 
thii li a general teit and will be  poiltlve for  G-ag«ni:  and/or 
CKJ    (A3). 

(9)    Analyser  kit (M10A1).     The  ita: lard   test (A2)  which contains 
granulei from a white  dot tube  which are  treated  first with a 
solution of O-DN  and  then  a solution of PER.     An orange or 
amber color In the solution Indicates the  presence  of G-agents 
(or  CK).     The  white  dot tube   turns red-purple  when  wet  with  an 
alcoholic  solution of Chlor-T and then an alcoholic  solution of 
gamma-plcollne  and  PYR,     (Note:    This test Indlcatei  GA  or CK), 

(3) An  alternate or confirmatory  test (A2)  which contains plain 
strips of filter  paper  which can  be  Impregnated with Chlot-T  In 
advance  and when   held In  close contact  with  a  strip of filter 
paper,   one  end  of  which is wet  with  an alcoholic  solution of 
gamma-plcollne  and  PYR will  result In the  appearance of a  red 
to  purple spot on the  newly  wet  paper,     (Note:    This  test  also 
Indicates AC or CK). 

(4) Water testing and screening (AN-M2), Nerve gases are detected 
by a color reaction and extraction of the color by an Immiscible 
solvent  (A7). 
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(6)     Water  tatting  kit.   poliom  (M4).      Thti  kit  «nable»  quantitativ« 
determination  of  ü   agenti    (A4). 

(6) Pood teitlng  and  icreenlng (ABC-M3).     Th«  nerve gaiat at«  Ident- 
ified by theli  reaction with two  ipaclal chatnlcali to produce  an 
orang« ot  yellow color (A7). 

(7) Vesicant  detector  crayon (M7,   M7A1).     Dtopi  of  liquid  G-agont< 
caui«  pink crayon marklngi  or duit to turn yellow (A6). 

(8) Liquid vailcanf d«t«ctor paint (M5).     Surfacei  painted with de- 
tector   paint  ihow  a  change  In  color  from   olive  green  to  red   when 
contamlnatad  by dropi or  iplaihai of G-agenti (A6). 

(9) Liquid veilcant  datcctor  paper (M6) (A6). 

Subjectively.   GA   li  datacted  by: 

(1) Odor  -   faint,   iwaetiih.   fruity (A6.   A7). 

(2) Phyilcal appearance   -   a colorlett to browniih  liquid (A5,   A7). 

(3) Phyiiological tymptomi  -   vapon may caui«  nauiaa.   vomiting, 
and diarrcha followed by muscular  twitching and convuliiom. 
Evan in  low  concentration!,   vapor cauiei  pupili to contract, 
vision becomes  difficult in dim  light,   and headaches  may  result. 
A  sense of tightness  in  the  chest  may  be  noticed.     Contraction 
of the   pupils  may  not  appear  as a  warning sign of liquid penetr- 
ation (AS.   A7). 

n 
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kAJk EGORY JUL 

PROTBCTION 

StbHo£r>phy 

1.      TM 3-216.   Mlllury Chtmlitry tnd  Chamtoal Aganti. 

9.      TM  3-390,   Individual  Protecilv«  and D«tae?,an Equipment. 

3.      TM 8-286.  Trettment of Chemical  Warfar« Caiualtlai. 

Summary 

Protection  «ga.'nit  CA   may   be   afforded  by  uia  of th«  protective 
maik.     Impermeable  p.otecilve   clothing  li  required  for   ptotactlon 
agalnit  liquid G-a^and (Al,   A3).     Protactlva dubbing li alio uied (A2). 

( 
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CATEÜOHY  26 

DECONTAMINATION 

Blbllogr»phy 

1.      TM  3-316,   Military Chamlitry and Chomlcal Aganti. 

9.       TM   3-380,   Decontamination. 

3.      TM  B-88fi,   Troatment of Chemical  Warfare Caiualtlei. 

Summary 

For panonnel,   toap and water,   rather than  protective ointment, 
are used for removing liquid contamination.     Immediate and thorough 
action It necenary In removing nerve gaiei (8).     The  following 
fluids are more latlifactory than soap and water and should be used 
If available: 

(1) A slurry of one  part of bleach In three  parts of water. 

(8) A five :o ten per cant solution of sodium carbonate. 

(3) A  five to ten  per cant solution of ammonium   hydroxide. 

(4) A  two per cent solution of sodium hydroxide. 

If water alone Is available,   blot the excess  liquid off the skin,   then 
soak a fresh cloth  with water and  scrub the  area turning the cloth 
with each bit of scrubbing  to expose  a clean surface.     If a splash of 
liquid nerve gas should get Into the eye.   It should be flushed out 
Immediately with water (A3). 

For materiel and areas,  In the case of liquid contamination,   aeration, 
hot  soapy water,   bleach slurry,   and solutions of commercially  available 
alkalis,   such as caustic soda and soda  ash,   are effective (AS).  In confined 
areas,   steam  and ammonia arc effective (Al). 
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SECRET GB-l 

ÜB  -   SARIN  (German) 

, 

( 

SECONDARY  SOURCES  OF ^FPRMAHPM  QX  fiA 

Rcaden daiirlng infoimatlon on OB which li beyond  th« icope  of thli 
document may find th« following works of groat valuo. 

With Blbltography 

ETF   100. 26    (1048) 
ETF   107-3       (1040) 
ETF  650E-766B     (1040) 
ETF   i60E-8.127     (1061) 
MDR  160    (1048) 
MLSR  23    (1063) 
Porton Memo 36    (1060) 
TCIR 401    (1040) 
TCR     36       (1040) 

Without Blbllogtaphy 

PR 2747    (1047) 
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UMMM a 

NAME.   POKMULA.   MOLBCULAR W1IGHT 

A,     Blbllogfphy 

Nont 

1.      Summiry 

1.      Technical iiam«: Iiopropyl mathyIphoiphonofluorldat« or 
Fluorliopropoxymethylphoiphln« oxide 

2.      Common name: Sarin (German) 

f« 1 
3. Chamlcal formula: c4H10FO2p •• CH3-P-0-CH 

O        CH3 

4. Molecular   weight: 140.11 

PtltUlltgn' 

Thti compound  may  alto be   found  In  the  claiilfled   literature  under 
the  following code  namei and numberi: 

MPI 
EA  1208 
T-2106 (Brltlih) 
XL 1818 (UCTL) 
T-144 (German) 
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PHYIIOLOCICAL ACTION.  TACHCAL Uil.   UALU1 
UIA11M utmiii 

BlbUcgfphy 

1.      Air Intelllgfnce  Digatt.  Vol.   4.   No.   8    (Auguit  1951) 

8. ETF ftSOR-911    (ISftl) 

8umm«ry 

1.      Phyilologl.tl  action: 

N«rv« gai 

9. Tactical ut«: 

Gl li usually dliiamlnatad ai a non* panlitont ipray.    It li 
vary afiactlv« In producing Immadlata caiualtiai. 

3. Statun 

Standard 

4. Runlan Intarait: 

Tha Ruiilam have graat Intarait In GB as  a warfare  agant.     Thay 
ar«  known  to hava captured  a GB pilot plant upon tha Invasion of 
Garmany during  World  War II.     At tha praiaitt ttma.   thay  ara con- 
ilderad to have  limited itockpllai of tha  agant and  ara  probably 
producing it at  an appreciable rate (Al,   A9). 
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CATEÜOEY   A 

G8-4 

PHY81CAL STATE.  idULLULÜfi POINT.  ftfiiUtifi JCfil&X 

Bibliography  end  P«t* 

1.      TDMR 1163    (1946) 

Sample  did np;  frees«  at  -70oC. 

BP« U70C    (calculated: category  13) 

3.      Chemical Corpi Quarterly  Report.   Project 4-08-03-06,   1 January  1946 

FP-  -68°*   10C 

3.       TCIR  613    (1949) 

Sample  #1 (dlitllled) PP-   -6e.80C 
MP-  -86. acc 

Sample  #3 (singly  cryitallUad) FP -   -66.7   C 

Sample  #3 (triply cryttalllied) FP«   -66.90C 

Sample  #4 (filtrate after one cryitalllaatlon)    FP ■  •66.90C 

By  FP in  thti  report It  meant  the  highest temperature  to which 
the  sample rose  after luperconllng. 

4.       CRLR  3    (1961) 

Sample  #1    (dUtllled) 
(crystals) 
(filtrate) 

Sample   #3    (crystals) 
(tllttate) 

FP« -67.0" C 
FP" -56.880C 
FP»    -86.830C 

FP«    -R7.3°   C 
FP»    -87.6°   C 

Sample   #3    (crystals) FP«    -67.3°   C 

The  following repotti contain data on  mixtures of GB  with  other compound» 

6.       ETF   560-936    (1953) 

66* GB/351»  HD 
37* GB/63* L 
60* CB/601b CX 

FP* -4" F 
FP •- -40oF 
FP below   -40oF 

I 

SECRET 
'2   0 30 



SECRET C.l-4 

r 

«.       CRLR   178    (1963) 

501b Gl/eOlb CX 

7.       CRLR  323    (1964) 

601b GB/501b CX 

FP below   -1950C 

¥9 below  -»ft0C 

Summery of Pet» end  Selected V eluei 

1. Phyilcal llftttl 

Pure G* li •  colorlen liquid of low volatility  at room temperature. 

2. Melting  point: 

-680C    (-690F) 

Thli It alto the  triple point  -  vapor prenure  It 0.0016 mm Kg. 

3. Normal boiling point: 

1620C    (30SoF)    (with decom; .^Itlon) 

4. GB of plant  purity hat  the  following charac terlitlc«; 

Samt   appearance  ai  the pure  material. 

MR below   -860C    (-890P> 

DUcmilon 

TCU 613 (A3)  and CRLR 3 (A4) contain the best v»ork  that hat 
been done on the  FP of GB to date,     Thli compound  apparently  fteeiet to 
«lowly   and lupercooli to tuch a  great extent  that determining Iti  HP from 
time-temperature  curvet,   at  was attempted  In  theie  two reports,   bacomei 
quite difficult.     See  the  original reporti  for   explanation.     The values 
given  In both reports therefore  represent  the  highest  temperatures  to 
which the samples rose  In  the   FP apparatus  after supercooling!   they  arc 
not considered  t_o be  the  true   FP's o_f t_he samples.     The  MP of  -66.20C 
given  for sample  #1  of TCIR 613 Is thought  to be  a mote  accurate value 
than  any of the  FP's reported  to far.     A MP of     660C   therefore  was selected 
for (82).     The  true  MP of GB  probably  lies within a degree of this value 
and  slightly  above  It. 

The vapor pressure at the T* (B2) was calculated from the follow- 
ing equation which was derived from the vapor pressure data of ETF 660Ca- 
1288 by   the  method of least squares (see category  13). 
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log   p-   9. 140 
2694 ■ (rangei  -39° to     280C 

(273. 20K—   0. OOC) 

Thli value  wit obtained by extrapolating the data over a temperature 
range of inventeen degrees.     It li given to two ilgnlflcant ilgurei.   but 
probably li not quite that accurate. 

The IP (B3) wai obtained from the following vapor prctiur« 
equation which appean in Porton Technical Paper 278 (tee category  13). 

log p -  «.ft916 2424.6  T  (range:  48° to 80oC) 
(273. 20K - 0.0oC) 

Since an extrapolation over a temperature range of more than ««verity 
degreei wai required In Iti calculation,   the value it probably accurate 
within only a few degreei. 

^ 

^ 
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UfiBI&ilJiilZI 

A.     Blbtlography and D>t» 

1.      NDRC Inf.   Rept.   9-4-1.   NS4(19>t6) 
OSRD  6400    (1945) 
Rcdeman «t it,   7.   Am.   Cham.   Soc.   JSL-   3604    (1B48) 

dm   1.0941  g/cm3   «t  26. 60C 

3.      TDMR  1163    (1946) 

d *   1.1116  g/cm3   ||   10.06oC 
f 1.0946 g/cm3   at  96. 9°   C 

1. 0466  g/cm3   II  68. 4°   C 

3. Porton  Tvchntcal   Paper   378    (1968) 

d:    from  1.1064 g/cm3  tl  10.0oC 
to       1.0710 g/cm3  at 40.0oC    (7 d«tt tmlnatlom) 

The  following  equation wai derived  from  iheie dat«: 

d«   1.1183   •   0.00118t (range:   10°  to 40oC) 

Plant   GB 

(d:    from   1. 1130 g/cm3  at  10. 0oC 
to        1.0789 g/cm3 at 40. 0oC    (7 determination!) 

The  following equation wai derived  from  these data: 

U»   1.1366   -   0.0011661 (range:   10° to 40oC) 

4. KTF  680Ca- 1116    (I960) 

Density data on  the  following  mlxturei  are given: 

GB/hexafluoroe thane 
Gi/ethy lenc 
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Selected  Valuei 

Liquid deiulty 

(1) 1 16 g/cm ■ t -40oC (-40OP) 

(2) 1 118 g/cm3 at 0oC (  320P) 
(3) 1 096 g/cm3 at 20oC ( esop) 
(4) 1 034 g/cm3 at 710C (160°?) 

GB of plant purity uiually hat  a deiulty of: 

(6)     1.12  to  1.13  g/cm3  at     0oC    (320F) 
(8)     1.09  to  1.10   g/cm3  at  20oC    (880P) 

Dl tcunion 

Porton  Technical   Paper  278 (A3)  contain« the  beit  data on  the 
deiulty of GB that have  bean reported  to date.     Valuei (Bl) through 
(B4)  were calculated  from  (he  following equation which  wa« derived 
from  these data  by the authon. 

1.1182  -   0. 00118t (range:  10°  to 40oC) 

Although  the  data are  given  19  five  ilgnlflcant  figures  In  the 
original  report,   they  are  probably  not  accurate to more  than four. 
All valuei in paragraph B,   excepting (Bl),   are given  to four ilgnlfl- 
cant figurei,   therefore.    Value (Bl) was obtained by extrapolating 
the  data over a temperature  range of fil'iy degrcei.     An extrapolation 
of thii  magnitude  was  n^t comidered  ponlble without Introducing 
appreciable error into the fourth ilgnlflcant figure of the value. 
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B4Miül I 

SOLUBILITY Lfcj  QRCAMC   UA3UM2M 

A.    Bibliography  »nd  Pat« 

1.       BTF 650G-1260     (1944) 

GB/AC GB/chlotobanf «ne 
GB/MD GH/ethyl«n«  chloride 

2. PR   2747     (1947) 

GB  li lolubl«  In  ill  common organic  lolvanti. 

3. ETF  660P-1S4 (Tramlatlon)    (1949) 

GB/   rnethyl   alcohol 

4. TCU  613    (1949) 

CB/toluene GB/n-butyl chloride 
GB/n-hexana GB/liopiopyl banscne 
GB/p-cymane GB/1,   1.   8-tiichloroathana 
GB/n-butyl  banzana GB/patroaum  ether 

6. ETF fiSOCa-1160/1   June   1949  to  31   May   1950 

CB/athane 
GB/athy lane 
GB/hexafluoroethana 

\ 6.        SO/R/H16     (19B2) 

GB/arr monla 

7. CRLR   178    ( 1963) 
ETF  560-936    (1963) 

GB/HD 
GB/CX 
GB/L 

8. CRLR  322    (1964) 

GB/CX 

*■      Summary of  Data 

GB   li  readily  soluble   In  almom  all  common  organic   tolvanti. 
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SOLUBILITY   IN   WATER 

Blbllogtaphy  and  D»t* 

1.      ETF 6&0E-e09S    (1047) 

GB w«i  found  to be  almoit  completely  mliclble with water. 

8.      TCIR 369    (1947) 

The  lolublllty of GB In watet wai found to be greater than 
52. 3* by weight. 

3. S.O./R./7H:i    (1948) 

GB It completely mliclble  with   water. 

4. 2d  Ind,   CMLRE-CR (CP).   Pro]  4-08-03-006.   CmlC Cml   and  Rad  Lab« 
to CmlC  Research  and Engineering Command.   12 line   1968,   tubject: 
"Water lolublllty of G-agenti."  on latter. CMLEK-A,   Chemical  Corpt 
Board.   29 Apr  1962. 

GB ll completely  mliclble  with  water. 

Summary of Data 

GB li completely  mliclble  with  water.     Thli Information wai 
taken  from  the  letter from CmlC Cml  and Rad  Labi to the CmlC 
Reioarch   and  Engineering  Commaad.   CmlC  (A4). 
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HYPRQUgJig 

GH-8 

A .     BlbUognphy and  D«t« 

1.      Porton Tech.   Pap«r 28    (1047) 

k:    from  1.97       per hour «t pH  1.3 «t  250C 
1 to       0.0171  par hour at  pH  3.8 at 3B0C (8 datarmlnatloni) 

8.      TCIR 399    (1947) 

At  250C!    from  pH  1.8.   tl/a-   7.0 houn 
to        pH  9.2,   tl/2jai  0.6  mln.     (8  defer mi natloni) 

3. MDH  132    (1948) 

At 860Ct    from  pH 8.0,   tl/2«  47 houn 
to        pH 9.0,   tl/2 "■    6 houn (4 datarmlnatloni) 

4. MDH  147    (1948) 

b.      Porton Tach.   Papar  78 (1948) 

ki    from     1.92 par hour at pH     1.2 at 260C 
to        30.0     par hour at  pH  10.7 at 250C (7 da termination!) 

8.       MCiR  220    (1949) 

At 220C:    from  pH     r. •,   ti/a«   18.7       houn 
to        pH  10.0,   tl/2 «    0.078  houn (0 datarmlnatloni) 

7. Porton  Tach.   Papar  160    (1930) 

At  290C:     from   pli   6.0,   tl/2«   87 houn 
to ,)H  8.0,   tl/2m     0.23 houn    (4 datermi natiom) 

k ■    4.37)<10'2 par mln.   at  160C  at pH 11.3 
10.2 K10"2 par  mln.   at  a60C  at f II  11.3 

8. Porton  Tach     Paper  278    (1962) 

9. ETF  100-29/FlnaI  (Talk  0)  Vol.   I,   2.3,6 (30  April   1064) 

Selected   Valuf 

At  260C (770F)  and pH  7.6,   the half-Ufa of hydrolyili of GB ii 
23  houn. 
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c    Patitiitgn 

The  Above  v»lue  wsi   t«k«n  fiom   the  data of MDR  133  (A3).     The 
rttt of hydrolyili of Gl It vtrUbl« with  pH  and concentration.     The 
half-life of hydrolyili of GB In an  unbuffered tolutlon wai determined 
to be 30 houn (AS).    GB hydrolysei with the  elimination of hydro- 
fluoric  acid. 
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SECRET                                     GB 9 

mi KIS Qr HEAT AN» BLAST. 

A.      Bibliography 

1. CRLR  3    (1961) 

2. CRLR  13    (1961) 

1, Porton   Technical   Paper  268    (1961) 

4. Porton  Tuchnical  Paper  266    (1962) 

<• 

6. Kracks and  DiPaola,    CRLR report In preparation,   Project 4   04-16-007, 
lubject:    Statut Report,   Dlttemtnation of Toxic  Agent by Thermal 
Generation    (1964 or  later). 

B        Summary of Data 

, 

The  thermal decompoiltlon of GB coniUti of two ilmultaneoui 
reactions:    I)  tn  autocatalytic  and  acid catalysed decomposition 
Into propene  and  methyl fluorophoiphlnlc  acid,   and IX)  a dlipro- 
portlonation Into methyl phoiphonyl dlfluorlde  and dl-liopropyl 
methyl phoiphonate.     Reaction I ihowi second order kinetics and 
reaction 11 first order kinetics.     The velocity constants of the two 
reactions  are  as follows (A4): 

Temperature 
0C 

Reaction I 
k In hours' l 

Reaction 11 
k in hours* l 

( 80 
90 

100 
120 

0.00370 
0.0118 
0.0236 
0.239 

0.000193 
0.000566 
0. 00168 
0.00766 

■ The  decomposition  of CB Is complete  within about  two  and  one-half 
hours   at   about   160oC    (300oF)  (A3). 

i CB  derompos 
nated  explosively 
generation (AS). 

DS roughly  to  the  extent  of about   101b when dlssemi- 
(Al) and about  304 when disseminated by  thermal 
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SECRET GB- 10 

STABILITY IN STORAGE.   A^LkSH SJH  METALS 

Blbllogfphy 

1. PR 9762    (1062) 

2. Poiton  Technlcil   Paper  381    (1963) 

3. Bucklei  and Crawford,   CRLR report In preparation,   lubjaoti Corroilon 
by and Stablliiatlon of GB    (1964 or  later). 

Bumipary 

GB of plant purity may be itablllied by the addition of one 
peicent (by  weight of GB)  ttl-n-buty lamlne In exceti of the  amount 
required to neucrallie the apparent acidity.    Thui ctabiliied it 
may be itored in itcel for  long periods of time  at temperaturei up 
to 710C (160oP)  with not more 'han 6 to 101k decomposition (moit 
of which occun during the fint month or two) and no appreciable 
corroilon (A3). 

Til-n-butylamlne and  triethylamina appear to be about equally 
effective at itablllien for Gi.     Til - n-buty lamina  it used by the 
American! while triethylamine it preferred by the Brltiih (A1,A2). 

The  decompoiltlon of unitablllied GB li not appreciably greater 
than that of itablllied GB.     Unitablllied  GB developi undeilrably 
high  prenurei within a few weeki after itorage (A3). 

,/ 
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GB-11 

LATENT UJLO QZ KAMUIAIIga 

Btbliogf>phy «nd  D«i« 

1. TDMR  1163    (1946) 

/.Hvtp   «11.9  kctl/mol  at  30° to 670C 

2. Porton  Tschnlcal  Paper  278    (1962) 

AHvap     ---11. 1   kctl/mol  at  46°  to 80oO 

Solected ValuBi 

Latent heat of vaporisation: 

(1) 11.9 kcal/mol    (86.0  cal/g)  at 20oC 
(2) 11.1 kcal/mol    (79.3 cal/g) between 46 

(680F) 
0 and 8o0C (113° and  17e0F) 

Piicuiiion 

The values selected In paragraph B were calculated from the 
Clauiiut-Clapeyron ecuatlon and the vapor    rcnure data of ETP 660E- 
1288 (category  13,   para A,   Item  13)  and  Porton Technical  Paper 278 
(A2),     See category  13,   para C,   for a dlicunlon of (he vapor  prenure 
data found In  theie two report!.     Value (Bl)  wai obtained from the 
following equation which  wai derived  from the data of BTF 6&0G-12B8: 

(range:  -39° to     a80C) 
(273. 20K  ■ 0.0«>C) log  p ■   9. 140   - •IMA 

T 

Value (B2)  wai taken  from  the  data of Pertun  Technical  Paper 
•-' '«.     The     H  at the BP hat not been calculated due  to lack of data. 
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KEIATIVE VAfOR PEN81TY* 

A.     BlbUogr iphy 

Nona 

I.     lümil YiiHI 

Rtslttlve  vapor denilty:    4.84    (theoretical value) 

•MUtlf« vapor den.lty -  U^LS* V«P0'  " J  III  j r 7       denilty of  alt       at T  and   P 

") 
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VAPS2ß EÄ£Ä5-UR£ 

A.     BlbUogf phy and  Pat« 

1.      CD Report  6/18  73 (A.   2166)    (1946) 

p»    8 mm  Hg «t 690C 

3.      NDRC  Inf.   Kept.   9-4-1,   N8 4    (1946) 

p-    1. 946  mm  Hg  «t  260C 

The n«xt report of thii terlei,   NDRC Inf.   Rept.   9-4-1,   NS  6 (3), 
Mates that this value  li not correct. 

3. NDRC  Inf.   Rept.   9-4-1,   N8  6 (1948) 
Redeman et al,   Jf.   Am.   Chem.   Soc.   Ifi.   3804    (1948) 

P"   8.18  mm  Hg  at  360C 
6. 28  mm  Hg  at 40oC 

Theie data were uied  to obtain the following equation: 

log  p«   9.89902   ■   89^' * (range:   26°  to 40oC) 

The following value obtained by dlitlllatlon li alio given; 

p-   16 mm  Hg at 66.6° to 670C 

Thli value  alto appear) In  TDMR 1163    (8). 

4. OSRD 8391    (1946) 

Diatlllation data  were obtained on ilx different tamplei.     Pureit 
sample  yielded: 

p •   13  mm  Hg  at  470C 

6.       OSRD 6400    (1946) 

Two lamplei  were  dlitilled Into  two fractions  each.     Pureit 
fraction yielded: 

p »■   16  mm  Hg  at  68.6° to 870C 
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6. TDM*  1163    (1946) 

By tramference  method: 

p:    from     3.23 mm Hg  at  30.0oC 
to       10.79 mm  Hg  at &0.0oC    (9 datcrmlnatiom) 

By dUtlllatlon (thli value alto appean In J.   Am,   Chem.   Sec. 
If,   3804 (3) ): 

p»    16  mm  Hg at  66.8°  to 670C 

Th«  following equation wai derived from the  above  data (Includ' 
Ing  the  dlittllatlon value)    by   the  method of leait in./arei: 

260 6   6 
log   p«   9.0887   -   T-1" (»«nge:   30°  to  50oC) 

By itatlc   method: 

p -   62. 1  mm  Hg  at  79. 80C 
64. 4  mm   Hg   at  79. 80C 

7. Porton Technical Paper 28 (1947) 
Porton Technical Paper 62 (1948) 
Porton  Technical  Paper  78    (1948) 

p -   8  mm Hg  at 460C 

III" value alto  appean In  Porton  Technical  Pbprr  29    (8). 

8. Porton  Technical   Paper  29    (1947) 

Sample   #1    Bmm   Hg  at  460C 
Sample   #2    7   to  8   mm  Hg   at   38°   to  40oC 

9. SO/R/782    (MMH) 

Dliilllatluii  data  obtained on  ten  different tamplei: 

p:     from   10   mm   Hg  at   460C 
to 30  mm   Hg   at  69   C    (10  determinations) 

10. ETF  650F-164    (1949) 

1>       8  mm  Hg  at  69   C 

11. Porton  Technical Paper  9U (1949) 

p *   13. 6  mm  Hg  at  6l0C 
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12. Porton.Technlc«!  Paper   166    (1S60) 

DlitilUtion (Uta  obr at ri¥'d'on tcven different lamplci. 

p:    from     9  mm  Hg 48°   Vto 4e.80C 
to        12  mm   Hg   60.2°  to  50.8oC  (7   dcterml natl om) 1 13. ETF  680Ca- 1288    (1981) 

p:     from  0.011   mm   Hg   «t   -39. l0c: 
to        3.39     mm  Hg  at *28.30C    (8 determination!) 

14. Porton Technical Paper  278 (1952) 

: i 
Diitillatlon data obtained on four different lamplei.     Purest 
fraction yielded: 

p-   1. S  mm  Hg at 20oC 

Diitillate  wai used  to obtain the  following data (iioteniicope 
method): 

p:    from     9.4 mm Hg  at 46.0oC 
to        63.2 mm Hg  at  80.0oC    (8 determination!) 

The  authen derived  :he following equation from these data by 
the  method of lea!t  iquare«. 

imm  D-   a   AfilS  -   *4a4-6                (range:^S0 to 80oC) 
log   p-   8.6916-         T                         (273.2<,K- O.O^C) 

c The  following data,   obtained on  a different ••mple   by  meant 
of an affu!ion manometer,   are  alto given: 

p:     from  0. 74 mm  Hg  at     6. 60C 
to         2.18  mm  Hg   at   19.60C    (6  determination!) 

16. Porton   Technical   Paper   336    (1963) 

Sample   contained  radioactive   plimphorous  (P.cj). 

p -   20  mm   Hg  at  80oC 

The  following report!  contain  vapor  preüure data  on variou!  mixture! of GB 
with  other  compound!: 

16.       SO/R/783    (194») 

GB/lioprupanul 
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17. SO/R/809    (1961) 

GB/HC1 

18. CRLR   178    (1963) 

60* 08/60* CX p — 2  mm   Hg   «t  260C 

19. CRLR  322  (1964) 

60* 09/60% CX p -  2   to  3  mm  Hg At   33°  to  340C 
1   mol GB/1  mol CX p •   7  mm  Hg  it  890C 

Selected  Value» 

Vapor   prcnure: 

(1) 0 010 mm Hg 
(2) 0 096 mm Hg 
(3) 0 44 mm Hg 
(4) 1 96 mm Hg 
(6) it 4 mm Hg 

(8) 36 6 mm Hg 

DUcuiilo n 

40 0C (-40 op) 

18 ÜC (    o 0P) 
0 0C (   32 0P) 

20. 0oC (   68. 0oP) 
61. 70C (126. 0oP) 
71. 10C (160 0oP) 

ETF 660Ca-12B8  (A13)   and  Porton   Technlcai   Paper  278  (A14) 
contain what  appear  to be th«  moit  prcciie data on the  vapor  prenurc 
of ÜB that have  been reported  to far.     The data of thai«  two  report! 
are  in excellent  agreement. 

The  following equation wai derived  from the  data of ETP 660Ca- 
1288  by  the  method of leait iquarai: 

Thii  equation  wai uied  to  calculate  valuei (Bl)   through  (B4).     It 
doe»  not  appear   anywhere  elie   In  the  clanlfled  or  unclanlfled 
chemical  literature. 

Value»  (B6)   and  (BH)   were   calculated  from   the  following  equation 
which  wai  derived by   the   author»  of Porton  Technical   Paper   278 
from  the data  which  they obtained  by  tic  tiotenlicope  method (A14): 

lilies (range:   46°  to 80OC) 
log   p«   8.6916   - T (273.20K-   0.0oC) 
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VOLATILITY   UL AJJ 41Ä 

Blbltogr iphy 

None 

Volatility in  ctmoipherlc  air; 

( 

(1) 
(2) 
(3) 
(4) 
(6) 
(6) 

0 
0 
0 
1 
9 

23 

0096 
084 
36 
f.O 

II 
I 

104 mg/m3 

104 mg/m3 

10* mg/m3 

104 mg/m3 

104 mg/m3 

104 mg/m3 

at 
at 
at 
at 
at 
at 

-40 
- 18 

0 
20. 
61. 
71. 

0C 
0oC 
70C 

40 
0 

II 
68 

(126 

0P) 
0F) 
0F) 

0oF) 
0oF) 

(   0. 
(   0. 
(   0. 
(    1 
(13, 

l0C  (180. 0oF)  (38 

010 
090 
44 
98 
4 
6 

mm 
mm 
mm 
mm 
mm 
mm 

Hg) 
Hg) 
Hg) 
Hg) 
Hg) 
Hg) 
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MMÜli ii 

Q£fiA thS ÜIBIAH PETECTABLE CONCKNTIATION 

Blbilogrtphy 

1.      Porton Technical Paper  74   (1946) 

3.      Porton  Memo  39    (1960) 

3.       MLSR33    (196 3) 

Dlicunlon 

1.      Odor cannot be definitely  described  but the lematior. of detection 
li  unmlttakable (A3).     Some obierven claimed It to be  "tweet or 
fruity"   but  none  ware  able  to recognise It  again since  the  odor  li 
to  wea't (Al). 

3.      Median detextable concentration by  odor  li  16  mg/m9 (A3). 
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TOXICITY  BY  INHALATION 

A,     BlbUography 

MLSR 33    (1963) 

I.      ßllfiJUlÜa 

1. LCtgo for ■ retting man: 100 mg.mln/m3 (time: 9 to 10 mlnutai, 
bated on body weighty Intravanouk Injection, and agent tetentlon 
In animal bodies). 

LCt50 for active man:  86 mg. mln/m3 (tlmct  2 to 10 mlnutei,   bated 
on retplratlon rate being four tlmet fatter). 

9.      ICtsQi    16 to 40 mg. mln/m3 or  for  a defentlve  calculation,   a value 
of 6 to 10  mg. mln/m3  thould be contldered. 

3. GB cautet bronchoconttrictlon, 

4. No date on the chronic  toxlcltlei of GB. 
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EYE   TÜXICITY 

A. Bibliography 

1.      MDRR  18    (1960) 

S.      Porton  Memo  39    (1960) 

3.       MSLR  23    (1963) 

B. DilCHIlifln 

It li aitlmatad that  3.6 mg of liquid In the aye comtltutei a 
lathal doia  for man. 

The eye effecti  produced by expoiura to low dotagai are  man- 
tfeitly due to local action of the vapor on the eye,   ilnce they occur 
to the  tame  extent In men  whoie  respiratory  panagei  are  protected 
by oronaial retplraton ai In unprotected men,   and do not result If 
the  obietven  wear cloia-flttlng goggles,   but are otherwise  unprotected, 

I 
Threshold symptoms with vapor-    1.4 to 4.6  mg.mln/m'   (time* 

6  to 6  minutes). 

Harassment exposure with vapor:    6.6 to 11.6 mg.mln/m 
(time*  6 to  8 minutes  for unprotected  personnel). 

No Increase  In severity  of eye effoct« with vapor In range   14 
to 46  mg.mlt./.i.     for  petnonnel  protected only by oro-nasal respir- 
ators. 

) 
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QITAL   TOXICITY 

A. Btbltoaraphy 

1.      MDRR  18    (1950) 

8.      MDRR  14    (1960) 

3.       MLSR  23    (1953) 

B. Diicunion 

An  LD60 of 0.14 mg/kg (9.8 mg/70  kg man)  carrlm cumuUUve 
^ effecti  which   last for  •  period of dayi. 

Wttar  with  mere  than 0.5 parti par  million cannot b«  comldarod 
potabla. 
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GV-19 

ma TPXiciiY Ana CLOTHIMC mniiAaü 
A,     Btbliogtaphy 

1.       MLSR 23    (1063) 

3.      Chemical Corpi Board Study  13-68,   Appendix  B    (1062) 

B        Dltcunlon 

1.      For  vapor  GB:    Zitlmatlon of ikln  penetration  under   temperate 
cpndltioni: 

LCts0:     16.000  ntg.mln/nt3 

3.      Liquid  CB;    Bated on depllat   J  •nlmaU: 

LD60:     1& 8m/70  K8  mIn (20   mg/kg) 
IDfi0;     not  eitltnated. 

3. Liquid GB doei   not Injure the ikln but penetratei rapidly and polioni 
the body. 

4. Permeable clothing glvei from two  to three-fold protection regardleti 
of the  type of cloth,   the number of iayen and whether or not It wai 
Impregnated  with CC2. 
Generalization:    Each   layer  of cloth doublai  the  ID60 of liquid GB. 
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QAUSJSEJL^S 

SPEED OF ACTION 

( 

Ai     Blbllogf>phy 

1. MDR  201     (1948) 

2. TC1R    616    (1960) 

I.      DlicuMlo n 

1. Expoiura   to vapor: 

Incapacilation  within on« hour  after expoiure  to casualty doici 
(Al).     Eitlmated  time  for  Incapacitation after  expoiure  for  unpro- 
tected troopi,   total expoiure:    10 lecondi to 6 minute«. 

2. Liquid  doici; 

Eitlmated  time for  Incapacltatlon by meant of ikln contamination 
li 20  minuter     It  may be  expected  that  lethal doiei  will kill  within 
a  few minutes. 

( 
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DETOXICATION  UJ. IHI BOOY 

A,     Slbllogf *phy 

1.       MDRR  18    (1960) 

) 2.       MLRR  114    (1963) 
MDRR  229    (1963) 

Dlicunlon 

lUt« of detoxlcatlon In man  It vary  low.     A  doie of 0.008  tng/Kg 
cannot be  complataly detoxified  In 8 houn.     A  tingle dot«  of 0.008 ^^ 
mg/kg producei no obiarvabie affect.     However.   If thli doia li re- 
paatad  at  « hour Intarvali,   ilgm of poliontng appear aftat  the  fourth 
doie.     The regrenlon of lymptomt  indicatei detoxication or compen- 
satory  adjuitment by  the body.     The cumulative effect Indicatei that 
the  rate of detoxication li  leu  than 0.008  mg/kg.'8 houn. 

0 
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MKDICAL  VULTEtliyi  01 FL&ST  AJD  MEASURES 

A.      Slbliogfiphy 

TM  8-286,   Tre«tment  of Chsmlcal  Warfare   Caiualtiei. 

I.      Dticunton 

In  the   treatment  of GB caiualtici,   ipeed of  treatment  li  of 
the  encnc«.     Caiualtlei  should  be  removed  from  ponlbllity  of 
fuithet  contamination If ponlble  and given   an Immediate In- 
jection of atroplne and i'ibjecied  to artificial reiutcltatlon.     Preient 
thought ii that  atroplne  Injection alone,   while  helpful In cai«i 
of mild  expoiure,   li of little value In more tevere exposure  unlen 
artificial  reiuicl tation li  applied.     Either of then«  treatmenti  alone 
li helpful  but the combination of the two hai more than the  additive 
value.     Thorough  famill arliatlon  with the  subject In  reference 
TM  8-285  Is strongly  recommended. 
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■iUfiuaa 
A.      tlbllography 

1. Imciuctlom  -  Kit.   Chemical  Agent AnklyBei,   M10A1.   Uie of (27 April 
1964). 

2. Initructloni  -  Kit.   Chemical Agent Detector,   M9AS. 

8.      Initiuctloni  -   Kit.   Water  Testing.   Poliom  M-2 (14 July  1968). 

TM 3-318.   Military Chamlttry and Chemical Agents. 

TM  3-290.   Individual  Protective  and  Detection Equipment. 

TM B'286.   Treatment of Chemical  Warfare Caiualtlei. 

4. 

5. 

6. 

9.      Bummary 

Objectively.   GB  li detected  by: 

(1)    Detector kit (M9A2).     A  greenish blue ring appoan In white 
dot tube  after wetting with solution  from green top bottle.    (Note: 
Thtt li a general teit and will be  positive for C-agenti and/or 
CK)   (A2). 

(3)    Analyser kit (M10A1).     The  standard test (Al)  which contains 
granules  from  a  white  dot  tube which are treated first with  a 
solution of O-DM  and  then  a  solution of PER.     An orange or   «mber 
color  In the  solution Indicates the  presence of G-agents tor CK). 

(3) Water  testing  and screening (AN-M2).     Nerve  gases  are de- 
tected by  a color reaction and extraction of the color by  «n 
Immiscible  solvent (A6). 

(4) Water  testing kit.   poisons (M4).     This kit enables  quantita- 
tive  determination  of G   agents   (A3). 

(6)    Food testing  and screening (ABC-Ma).     The  nerve gases are 
Identified by  their reaction  with two special  chemicals to pro- 
duce  an orange or  yellow color (AB). 

(6) Vesicant  detector  crayon (M?.   M7A1).     Drops  of  liquid 
G-agent cause  pink   crayon  markings or  dust  to turn  yellow (A6). 

(7) Liquid  vesicant detector  paint (M6).     Surfaces  painted  with 
detector  paint show  a change In color from  olive grean  to red 
when conramlnated  by  drops  or splashes of G-agents (A5). 
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(8)    Liquid vcilctnt detector pupor (M6) (Ah) 

Subjectively,   GB ii detected by: 

(1) Odor  -   none  In pure  state (A4). 

(2) Phyitcal  appearance   -   colorlai.  liquid vaporising to 
form colorlen gai. 

(3) Phyitologlca I  tymptomi   -   vtpon  may cauie   nauiea, 
vomiting,   and dlarreha followed  by muscular twitching and 
convulilom.     Even In  low concentration!,   vapor cauie« puplli 
to contract,   and vlilon bccomei difficult In dim  light and 
headachei may reiult.     A  icme  of tightneü In the  cheit may 
be  noticed,     Contraction of the puplli may not appear at a 
warning ilgn of liquid penetration (A4,   A6) 
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A.      »tbllogf phy 

1. TM  3-816.   MUltftry Chemlury tnd  Chemical Agent* (Auguit  1963). 

2. TM  3-390. Individual  Protective  end  Detection Equipment 
(September  1963). 

3. TM  8-386.   Treatment of Chemical Warfare Caiualtiei (Auguit  1961). 

I ■      Summary 

Protection agalnit GB may be afforded by  the uie of the  protec- 
tive  meik.     Impermeable  protective clothing ii required  for  protec- 
tion agalnit  liquid  G-agenti (Al, A3).     Protective dubbing ii alio 
uied (A3). 
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CATEGORY   25 

0EGQNTAMINAT10N 

A. Btbllogf phy 

1. TM  3-216, Military Chamiitry  and Chemical  Aganti. 

2. TM  3-230, Ducontamlnatlon 

3. TM  8-386, Trwatment of Chamlcal  Wetfare  Caiualtlai. 

B. Summaf y 

Pot  penonnel,   toap and water rather  than  ptot«ctlv« ointment 
art uied  for removing  liquid contamination.     Immediate and thorough 
action li necenary  In removing nerve gates (A2).     The  following 
fluid« are more  tatiifactory than toap and water  and thould be uted 
if available: 

(1) A «lurry of one  part  bleach  in  three  parti of water. 

(2) A five  to ten  per cent solution of sodium carbonate. 

(3) A flv»)  to  ten  per cent solution of ammonium hydroxide. 

(4) A two per  cent solution of sodium  hydroxide. 

If water alone  Is  available,   blot  the excess  liquid off the skin, 
then soak  a fresh cloth with  water  and scrub  the  area  turning 
the  cloth  with each  bit of scrubbing to expose  a  clean surface. 
If a splash  of liquid  nerve gas should get  into the  eye,   it should 
be  flushed  out   Immediately   with   water  (A3). 

For materiel and  areas,   in the case of liquid contamination, 
aeration,   hot  soapy  water,   bleach slurry,   and solutions of commerci- 
ally  available  alkalis,   such  as caustic  soda  and  soda ash (A2).     In 
confined areas,   steam  and  ammonia  ate effective (Al). 
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GD  -   SOMAN  (G«:m«n) 

BAUiiMUi 

SECONDARY  SOURCES Q£ LNFftRMATlPE  Qß  QP 

Raadtrt deilrlng Information on GD which It beyond the  »cope  of thli document 
may  find the  following worki of great valua. 

With Bibliography 

CRLR   130     (revlie.,',)   (19fi3) 
ETF   100.25    (1948) 
ETF   107-3    (1946) 
ETF  650E- 8327    (1961) 
MÜK   169    (1948) 
MLSR 23    (1963) 
Potion   Memo  36 (1960) 
TCIR 481     (1949) 
TCR  36    (1949) 
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C^TEÜORY   2 

NAME.   FORMULA,   MOLECULAR  WEIGHT 

Blbllogrtphy 
i 

None 

Summtr y 

1.      Technlccl name: 1,2,2  -   TrlmcthyIpcopylmethy 1    phoiphono- 
fluorldate  or  Pluoromethy IplnacoJ y loxy phoi- 
phlne oxide 

2.      Common name: Soman (German) 
P CH-CH» 

I II 
3. Chemical  formulas C7Hl^F03f      or CH3-P— O-CH-C-CH3 

H I 
O CH3 

4. Molecular weight; 182. 16 

C,      Dticmilon 

Thli compound may  alio be  found  In the  • Unified   literature 
under the  following code  numberi: 

EA   1210 
T-2107    (Brltlih) 
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PHYSIOLOGICAL ACTION.   TACTICAL USE.  STATV«, 
'ÜL&lLlti tMIIllil 

Blbilogt*phy 

None 

Summary 

1. Phyilologic«!  «ctlon: 

Nerve  gai 

2. Tactical  uie: 

CD  may be uied  at a non-partlitent «pray  or  penlttent ground 
contaminant.     It li very ofrectlve In producing Immediate 
caiualtlei. 

3. Statut: 

None 

4. Runlan Intetait: 

The Runlani probably  have tome  knowledge of thli  agent due  to 
the  fact  that much Information on German  nerve gai research 
fall Into  their  handi when Germany  wa- Invaded during  World 
War II.     Whether or not they  have thli agent In production li 
not  known. 
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B4IiittUUi 

LUXnCuA.l. STATE.   MEJLXINC  PU1NT.   BÜILINÜ  IQIHJ 

Bibliography  and   Data 

TDMR  1282    (1947) 

PP li  not readily  deter ml nable .     Compound  formed  a gian but 
did  not cryitallls«  at  the  temperature of tubllmlng carbon 
dioxide    (-780C). 

BP -   1670C    (calculated;  category   13) 

B.      Summary of Data and  Selected Valuei 

1.      Physical  state: 

Pure  GD li  a colorlen  liquid of low volatility at room 
temperature. 

3.      Melting  point: 

Not readily detetml nable, 

3.      Normal  boiling  point; 

Compound  beglm to decompose  rapidly at  about  160   C (300oP). 
Theoretical   BP:   160°  to   170oC  (320°  to  340oP)  (obtained  by 
extrapolation of vapor  pressure  data). 
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A.     Blbllogtaphy and  Dat» 

TOMR  1293    (1947) 

d * 1. 0363 g/cm3 at 10oC 
1 . 0822 g/cm3 at 2f0C 
1. 0130  g/cm3  at  3S0C 

GD-6 

0. 0990  g/cm3 at 60oC 

( 

C 

Liquid dcnilty: 

(1)    1. 08     g/cm3 at -40oC (-40oF) 
(2)     1. 046 g/cmj 

027 g/cm 
at 0oC (   320F) 

(3)     1. at 20oC <   «80P) 
(4)    0. 980 g/cm3 at 710C (160oP) 

01»9uj|lon 
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SOLUHLITY Hi ORGANIC  WUtYJLWTJ 

A.     Blbllogftphy 

None 

I.      Summaty 

No dat«  «vatlabl«.     The tolublllty of GD In organic  lolvanti li 
probably very ilmllar  to  that of OB 
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f 

ißi-UPlUTY  IN   WAXgR 

A.      Bibliography   and   Dit« 

Second  Ind,   CMLRE-CR (CP),   pro] 4-06-03-005,   Cml C  C m I   and  Rad 
Lab« to CmlC Research and Engineering Command,   13 June  1963, 
• ubjeoti   "Water Solubility of O-agenti."  on letter,   CMLEK-A, 
Chemical Corpi Board,   39 April   1963. 

Solubility«  3.4  g GD/100g solution  at     0oC 
3. 1   g  GD/100g  lolutlon  at   30oC 

I.      Summary of Data 

The lolublllty of CD in water it 31g GD/1000g lolutlon at 
30oC    (680P). 

SECRET 

3. 06 



SECRET C;D-H 

*•     Blbltography and  Pat* 

1.      TCIR  379 (1947) 

At  260C:    from  pH  3     ,   tl/3 -■   3  houn 
to       pH  10  ,   tl/2«»eo houn (6 detarmlnatlom) 

At   370C!     pH   7.4.   tl/3—   1.76   hour. 
pH   7. 4,   tl/3 * 1. 0     houn 

3.      TCIR  393    (1947) 
TCIR  465    (1949) 

• t  360C:    pH  8,   k » 0. 314  per hour 

3.      Porcon  Tech.   Paper  79    (1948) 

hi    from     3.81  per  hour at  pH     1.1  at 350C 
to        33.0     per  hour  at   pH  10.7  at 360C (8 determinations) 

B.      liliUli SJdUA 

At  260C (770F)   and   pH  6.66,   the  half-life of  hydrolyili of CD 
li 46 houn. 

c       PtKHitiPn 

The  above va     e  wai taken  fromthe  data of TCIR 373 (Al).     The 
rate of hydrolyili of CD ii variable  with  pH.     CO hydrolyaei  with 
the elimination  of hydrofluoric   acid.     The hydrolyili of 0. 3  to  1. 01b 
lolutiom of CD  li lubitantlally  complete In twelve  to fourteen houn, 
with half - hydrolyili being achieved  In  four  to ten  houn (A3).     In 
5% lodium hydroxide  lolutlon,   hydrolyili wai complete In  leu  than 
five  mlnutei (/I). 
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c 

llf?CT*  il   HEAT  AJ4D   li^XI 

BlbUogr*phy 

ETP  660B   8327    (1951) 

Summary 

Th«  thermal dacompoiltlon of GD li ilmllar to that of GB.     On 
heating  to  about   150OC  (300oP)  It  pyroiynai  Into  methyl  fluoto- 
phoiphlnlc  add  and tiohexylena. 

No data  found on it« itablllty  to cxploilv« dluemlnation. 
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STABILITY  Ui STORAGE.   ACTION  ON   MBTALS 

A. BlbUognphy 

Nont 

B, Summity 

The itablllsatlon of GD In itoragc could probably be •ccompUihed 
by  the   ■•me   method   thet  ti   uied   for CB. 
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CATEGORY    11 

LATENT  HEAT  OF  VAPORUATION 

A.     Blbliojr•phy and  Data 

1.      TDMR  1392    (1947) 

AH =.14.3  kcal/mol  «t   25°   to   60oC 

3.      Porton  Technical Paper 341    (1963) 

AHyap    -14.2 kcal/mol at  3S0C 

••      Sclarmd Value 

Latent  heat of vaporisation at  20oC (68   F) : 

14. 3 kcal/mol (78. 6 cal/g) 

C.      QiiCUlUffn 

The AH given  In  TDMR 1392 wai selected In paragraph B because 
the  vapor  prenur« data from  which It wai calculated  were considered 
the  belt available (tee category  13).     Actually,   the  two values that 
have been reported (paragraph A) ate In such good agreement  that It 
makei little difference which li ielected. 

the ielected value ii given at 20   C for the lake of uniformity, 

v apor prenure data. 

The  error Introduced  by anumlngAH  to be  comtanr  between 20° 
and  S0oC  li probably  much  leu  than the experimental  error of the 
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CATEGORY    12 
■rxrara 

RELATIVE \LAlfiR PBN81TY' 

A,     Bibliography 

Nont 

Relative   vapor  damlty:     6.30    (theoretic«!   valua) 

: 

. _   ■     .                       .                     d e n 111 y  o f  v «tpor   «t   T   and  P 
•Relativ«  vapor  demlty  ■  ]SSilly  of •fl n-ip-rfurT 
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YALafi tmaaai 

Blbltogftphy «nd  Pita 

1.       TDMR   1292    (1947) 

By  traniference   method   - 

o 
p:   from  0.203  mm  Hg  «i   20   C 

to 1.06     mm   Hg  at  50oC    (13  do ter ml natloni) 

The  authon derived the  following equation from  the  above data 
by the method of leait iquaret: 

log   p -   0.0877   -   W9'f 
(range:   25°  to  S0oC) 
(273. 20K-  0. 0oC) 

The  following value  wai obtained by vacuum dlitillation it alio 
given in the report: 

p -   23   mm   Hg  at  02   C 

2. TDMR 1314    (1047) 

o o 
p s  10  mm Hg at 76     to 'If   C 

3. Porton  Technical  Paper  20    (1947) 

Sample   §1      p«  8  mm  Hg at 660C 
Sample   #2      p •  8  to  0 mm Hg  at  740C 

4. Porion  Technical Paper     00    (1040) 
Porton  Technical  Paper   166    (1050) 

p ~   t I  mm  Hg  at  70oC 

6.      Porton  Technical  Paper  335    (1063) 

Sample  contained  radioactive  phoiphoroui (P32) 

o 
p       SmrnHgacSOC 
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6.      Porion   Technl< «I  Pspar  341    (1983) 

By  effuilon   manometer   - 

fl    from 0.33 mm  Hg at  20oC 
to        1.16 mm  Hg at  360C    (5 datarmlnatlom) 

The  following equation  wai derived  from thtia  data by the 
method of least iquaret: 

.A   ,A0       3101 (rengei  30° to a80C) 
log   p - 10.108   -   -^ (273"2bK-   0.0*C) 

Selected  Va luei 

Vapor  prenure: 

0oC (   3a0P) 
20oC (   fi80P) 
620C (1280P) 
710C (ieo0P) 

GD   13 

I 
(i)   o. 034 mm "g at 

(2)     0. 20 mm Hg at 
(3)     2. 2 mm Hg at 
(4)      7 9 mm Hg at 

Discunlon 

of TOMR  1292.     An extrapolation of the  Porton data  failed to  pan 
through  any of the dltttllation point«.     The  valuei given in para- 
graph   B  therefore   were  taken   from   the   TOMR  report.     They  were 
calculated  from the  following equation  which wai derived  from   the 
TOMR data   by   the   method  of  leait  iquaret (AI). 

3129 (range:  26°   to  80oC) 
log   p « 9. 9877   -   —y- (273!20K -   0. 0oC) 

Valuei (81) through (84) were all obtained by extrapolation of the 
data; (81) and (84) are probably the lean accurate of the four due 
to  the   larger  extrapolation!  Involved  In  their  calculation. 

Nu  valuei  were  obtained  at  temperatures below 0   C  becaute of 
the   lack  of data. 
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WJAHiUiy m MMWLPHERIC AIR 

• 

A. Bibliography 

None 

B. Selected V«luei 

Volatility  Ir 

(1)       0. 36  x 
(2)       2.0     x 
(3)    20.        x 
(4)    65.         x 

10' 
10; 
10'' 
10'' 

0oC mg/m3 at 
mg/m3  at  20oC 
mg/m3  at  620C 
mg/m3  at  710C 

( 320P) 
( 680P) 
(1280F) 
(1C00F) 

(0. 034 mm  Hg) 
(0. 20 mm Hg) 
(2. 2 mm  Hg) 
(7. 9 mm  Hg) 

( 
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PD.PR  All.P  MI.PJ^N   DJIJCTASLE  CQJlQJULIl&AXlfiJjl 

^ *     Blbllo gr*p h^ 

1. ETF  550C-6047     (1947) 

2. Porton  Technical Paper  74 (1948) 

3. MDRR  8    (1950) 

S.      QilQi'Mlon 

1.      The  odor  li described  «i  being iweet or fruity or  muity. 

3.      Median detectable  concentration li  7 S   2,4 mg/m     (A3), 
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CATEGORY    16 

TQXiciTY u. UüiAlAIiaM 

A. Hbltogf «phy 

Po.iun   Memo   34     (1949) 

B. Dlicmilun 

1.       LCt5o   ,"1   ('D  U   about   10*  niorr   toxic   than   GB. 

LCt.«  for  GD ii  180  to 270  mg/m3 (time li   10  minutci) bated  on 
■ HI m k > itl« i 

/ ' 
' 2,      No data  found  for  the  median Incapacitating dote  for GD. 

3. GD cautet  bronchoconittiction. 

4. No  data   found  on  the   chronl<:   toxlcltiei  of  GD. 

( 
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CATEGORY    17 

IXJ  TQXLCm 

No data  found. 
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VKtLl TLPXICITY 

No  data   found. 

SECRET 

;i. 17 



SECRET G D -1 s 

UUUBLM 

i&Ui TQX1CITY AJ1J3L CLO.THJNC PJJWJJOLAXUQN 

A.     Bibliography 

1. ETP SSOG-1736    (1949) 

2. ETP  660-611/7    (1962) 

i.      Dticuitlon 

One  drop on the ikln,   eipeclally on the  face,   of  liquid  CD mutt 
be regarded  ai  fatal (Al), 

No effecti In man  were obierved  with  the  application of 30  mg. ^ 
liquid  GD  to the  ikln (A2). 
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CATEGORY   20 

ILBJP QF AgHPN 

No data  found. 
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GD-21 

1 

No  d«t«  found. 
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CATEGORY   8U 

' 

MEDXCAL  PHOTBCTIVE  OR  FIRST AID  MEASURES 

A. BlbMo|[f aphy 

TM  8-28S,   Treatment of Chemical  Werfeie Ceiualtlei 

B. Dlicuulon 

In  the  treatment  of GD casual tie«,   speed of treatment li  of the 
enence.     Caiualtlei  ihould  bt  removed  from  potilblKry of further 
contamination If penible  and given an Immediate Injection of 
atroplne and tubjected to artificial  reiuicltatlon.     Present thought 
it that atroplne injection alone,   while  helpful In caiei of mild ex- 
poiure,   it of little value  in more severe exposure unless artificial 
resuscitation is  applied.     Either of these treatments alone is help- 
ful but the combination of the two has mors  rhan the additive  value. 
Thorough  familiarization  with  the  subject  in  reference  TM  8-286 
is strongly recommended. 
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CATEGORY   23 

A. BtbUoat*phy 

1. Initructlom  -   Kit,   Chemical  Agent  Analyzer,   M10A1,   Uie of 
(27   April  1964). 

2. Initructlom   -   Kit,   Chemical   Agent   Detector,   M9A2. 

3. Initructlom  -   Kit,   Water  Testing,   Polioni  M   •> (14 July  1962). 

4. TM   3-290,   Individual  Protective   and   Detection  Equipment. 

6.      TM 8-286,   Treatment of Chemical  Warfare Caiualtlei. 

B. Summary 

Objectively,   GD li detected by: 

(1) Detector  kit (M9A2).     A  greenish-blue H"g  appears In  white 
I dot tube  after  wetting with solution  from green top bottle.    (Notes 

This Is a general  test and  will  be  positive for G-agents and/or 
CK)    (A2). 

(2) Analyzer  kit (M10A1).     The  standard test (Al)  which contains 
granules  from  a  white dot tube  which are treated first with a 
lotutlon of O-DN  and  then  a solution ot  PER.     An orange or  amber 
color  In the  solution  Indicates the  presence  of G-agents (or CK). 

(3) Water testing and  screening (AN-M2).     Nerve gases are 
detected  by  a color reaction and extraction of the color by an 
Immiscible  solvent (A6). 

(4) Water  testing kit,   poisons (M4).     This kit enables quantita- 
tive determination of G-agents (A3). 

(6)    Pood  tctlng  and screening (ABC-M3).     The  nerve gases  are 
Identified  by  their  reaction  with  two ipeclal chemicals to  produce 
an orange  or   yellow  color  (A8). 

(6) Vesicant  detector   crayon (M7.   M7A1).     Drops  of  liquid 
G-agents  cause   pink   crayon  markings  or  dust  to  turn   yellow  (A4). 

(7) Liquid  vesicant  detector   paint  (M6).     Surfaces   painted 
with detector  paint show  a change  in color from  olive green to 
red   when  contaminated   by  drops  or   splashos  of G-agenls  (A4). 
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( 

(B)    Liquid  veilcint  detector   paper (MB)  (A4). 

Subjectively,   GD li detected by: 

(1) Odor   -   GD hat  a fruity odor,   with  Impurltlei,   It  hai an 
odor of camphor. 

(2) Phyilcal  appearance  -  colorlen liquid vaporising to form 
color leu gai. 

(3) Phyiluloglcal tymptomi  -   vapon may cause  nauiea, vomfrlng, 
and dlarreha followed by muicular  twitching and convuliiom. 
Even In  low concentration!,   vapor  cauiei  puplli  to contract,   and 
vision becomes difficult In dim light and  haadachet may reiult. 
A lerne of tlghtnen In the chait may be noticed.     Contraction 
of the  'uplli  may not appear  ai a warning tlgn of liquid  penetra- 
tion (A4,   A6). 
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Blbllogfaphy 

1. TM  3-216,   Military Chtmlttry and  Chemical  Agenti. 

2. TM 3-290,   Individual Protective  and  Detection Equipment. 

3. TM 8-286.   Treatment of Chemical  Warfare Caiualtiei. 

Summary 

Protection agalmt GO  may be  afforded by uie of the  protective 
mask.     Impermeable protective clothing It required for protection 
agalmt liquid G-agent (Al.A3)      Protective dubbing li alio   uied 
(AS). 
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A. Blbltogr«phy 

1.       IM  3-216,   Military Chemistry  and  Chemical  Agenti. 

3,      TM 3-330,   Decontamination 

3.     TM  8-386,   Treatment of Chemical   Warfare  Catualtlei. 

B. Summary 

For penonnel,   toap and  water  rather  than  protective  ointment 
at« uied  for removing  liquid contamination.     Immediate  and thorough 
action  it necenary in removing nerve  gate;  (A3).     The  following 
fluids  are  more latlifactory  than toap and  water and should  be  used 
if available: 

(1) A  slurry of one  part  bleach in three  parts of water. 

(3) A   five  to ten per cent solution of sodium carbonate. 

(3) A  five to ten  per cent  solution of ammonium hydroxide. 

(4) A  two  per  cant solution of sodium  hydroxide. 

If water alone is available,   blot the excess  liquid off the  skin, 
then  soak  a fresh cloth  with  water  and scrub the  area  turning the 
cloth  with each  bit of scrubbing  to expose  a clean surface.     If 
a splash of liquid nerve gas should get Into  the eye,   it should 
be  flushed out  immediately  with  water (A3). 

For materiel and  areas,   In  the  case  of liquid contamination, 
aeration,   hot soapy  water,   bleach slurry,   and solutions of commer- 
cially  available  alkalis,   such as caustic  soda  and  soda  ash (A 2). 
In  confined  areas,   steam  and  ammonia  are  effective (Al). 
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SECONDARY  SOURCES  OF INFORMATION  ON  GF 

Rcaden  deilrlng informatton on  GF which  li beyond  the tcope of   this 
document  may  find   the  following  worki of great value. 

With Bibliography 

CRLR  164    (ravtied)  (1954) 
ETF   100.25    (1948) 
ETF  107-3      (1946) 
ETF  660E-8377     (1961) 
MDR   159    (1948) 
MLSR  23    (1963) 
Porton  Memo.   36    (1960) 
TCIR  481     (1949) 
TCR    36    (1949) 
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MM!,   FpRMJJUk.    MOLKgy^R  UUSJII 

A.     Bibliograph 

, 

GF-2 

uim 
Uone 

Summary 

1. Technical  name; Cyclohaxyl  methyIphoiphonoftuorldat« or 
Cyclohexyloxyftuoromcthylphoiphln«  Oxide 

2. Common name: Cyclohexyl mathylphoiphonofluorldat« 

F CH,— CHa 
I IN 

3. Chemical   formula: C7H14FO3P or       CH3-   P-  O  -CH CH2 

0 CHa —   CH2 

4. Molecular weight: 180. 14 

C.       DllCUIllOB 

Thli compound may  alto be  found  in the  claiiifiad liiarature 
under the  following code numbers: 

VA   1213 
T-2139    (Britiih) 
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SECRET GP-3 

CATEGORY   3 

PHYStOLOGICAL   ACTION.   TACTICAL US_E,   5TATU8 
RUSSIAN  INTEREST 

A. Bibliography 

1.       BTP 560R- 1120    (1962) 

8.      CRLR  199    (1 963) 

B. Summary 

1. Phyilologlcat  action: 

Nerve   gai 

2. Tactical   uic: 

GP  may  be  uied  ai  a non-penlitent ipray  or  panlitent ground 
contaminant.     It li very  effective   In  producing Immediate 
caeualtiei. 

3. Statut: 

None 

4. Runlan  Interett: 

Whether  the  Runlani  are  Intereited specifically  In thli  agent 
li  not  known,     There  li good  icaton  to believe  that  -hey  are 
engaged  In  nerve gai research   at the   present  time,   however,   and 
probably  have  >om«  knowledge  of  thli  and   many other similar 
cum pounds. 

( 

_ 
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SECRET GP-4 

PHYSICAL  STATE.   IjULkXUifi   EÄUU.   tfllUUfi   POINT 

Blbllognphy  and  Ptta 

1. TDMR   1292    (1947) 

PP between   -30°  and   -60OC 

2. Chief,   Chemical   Dlviilon,   CmIC Chemical  and Radiological   Lahore- 
torloi.BI    Weekly   Report,   Period   Ending   21   March   1962,   Project 
4-08-03-006. 

TP below  -30oC (metaitable  form) 

MP ■   - 120C 

Summary of Data  and  Selected Valuei 

1, Physical  itat«: 

Pure  GF li a  colorlesi  liquid of low volatility  at toom  tempertur«. 

2, Melting  point: 

-120C  (   10oF) 

Freezing   point  ll  below   •30oC  (-22   F).     When  GF  li  cooled  below 
thli  temperature,   a  metaitable,   cryitalllne form  fieeiei out 
which,upon  long itandlng,   »lowly convert«  Into  a stable form 
melting  at  -12   C.     So  far,   the  stable  form  has never been 
obtained  directly upon cooling (A2). 

3, Normal  boiling  point: 

Compound  begin«  to  decompose   rapidly   at  about   160   C   (300oF). 
Theoretical   BP:   about   200OC  (390oF)    (obtained  by  extrapolation 
of vapor   pressure  data). 

1 
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SECRET GP a 
cAIi99RT 6 

LIQUID DBN5ITY 

A. Bibliography and   Dae« 

1. TDMR  1292    (1947) 

d " 1. 1426 g/cin3 at 10oC 
1. 1278 g/cm3 at 260C 
1. 1179 g/cm3 at 360C 
1. 1031  g/cm3  at  60oC 

2. Chief,   Chemical  Divltlon.   CmlC Chemical  and Radiological  Labora- 
toriei,   BI-WrKly Report,   Period  Ending  21  March  1962,   Project 
4-08-03-OOS. 

d — 1. 128 g/cm3 at 280C 
1. 118 g/cm3 at 380C 
1. 101 g/cm3  at 80oC 

3. ETF  580Ca-1118    (1950) 

Data on the density of varioui GP/ethane mixiurai may be found 
In  thli report, 

B. Selected Va luei 

Liquid  deniity: 

(1)     1.19     g/cm3  at -40oC (-40oF) 
(                                                      (g)     1.153 g/cm'   *i 0OC (   320F) 

(3) I. 133  g/cm      «t 20UC '(   680F) 
(4) 1,082 g/om3  at 710C (160OP) 

TDMR   129 2  appsart to  contain the  best data  available on  the 
donilty  of GP.      Theie   data   were   plotted  on   a deniity - tem perature 
graph  and values (81)  through  (84)  were  obtained  either  by  inter 
polation or extrapolation.     Although  the data are given  in the 
original report  to  five  ilgnlficant figurei,   they  are  not  considered 
by  the  authors  to bo  accurate  to  more  than four.     The values    in 
paragraph  B,   excepting (Bl,  are given  to four significant figures, 
therefore.     Value  (Bi,   was  obtained  by   extrapolating   the  data  over 
a  temperature   range   of  fifty  degrees.      An  extrapolation  of  this 
magnitude   was   ■ tu     ....nsidered   possible   without  introducing   appreci- 
able   error  into   the   fourth  significant   figure   of the   value. 
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SECRET GF-6 

SAMittl I 

SOLUBILITY   1JN ORGANIC   gQkVBMTff 

A. Btbllogtaphy and  D«t> 

ETP RfiOCi-1115    (1960) 
ETP 6Q0Ca-1160/l June   1949   to 31 May  1950 

GF/ethan« 

B. Summary  of Data 

The  lolublllty  of GF In organic  lolvanti  li  probably vary 
limllar to that ol GB. 
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SECRET GP- 7 

CATEGORY   7 

SOLUBILITY   IE VjrATI« 

A ,      Btbltography and  D>t« 

Second Ind,   CMLRE-CR (CP),   Proj 4-08-03-006,   CmlC  Cm!  and  Rad 
Labi to CmlC R«i«arch and  Engineering Command,   12 June  1952, 
lubject:   "Watar  solubility  of  G-igenti,'   on  letter,   CMLEK-A, 
Chemical  Corps  Board,   29 April  1952, 

Solubility = 6. Ig GP/100g of lolutlon at     0oC 
3. 7g  GP/100g of solution  at 20UC 

Summary of Data 

The tolubility of GP in  water  it  37g GP/1000g  tolution  at 
20oC    (6e0P). 
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mtmQLVMu 

*•      itbllography  »ni  Dttt 

TCIR  393    (1947) 
TCIR 4S5    (1949) 

At  2A0C.    k « 0.239   per hour  at  pH  2 
tl/2   -     42 houn (no  pH ipccified) 

At  260C (770F),   the  hilf-Ufe  of hydrolyili  of GF li 42 houn 
(no pH ipeclfled). 

C.      Dticunlon 

The  rate of hydrolyili of GP li variable  with  pH.     GP hydrolysei 
with the elimination of hydrofluoric  acid. 
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CATEGORY   9 

GF-9 

BPPBCT8  Of »HAI  AJU?  ULAU 

A,     Bibliography 

Porton Tachnlcal Paper 268    (1961) 

I,      Summary > 

The thermal decompoiltlon of GF li similar to that of GB. On 
heating to about 160oC (300oP) GF pyrolyzei to methyl fluorophoi- 
phlnlc acid, cyclohexane, methyi photphonyl dlfluoride, and other 
producti.     Decompoiltlon  Is  complete  within  about  two houn. 

No data  found  on Iti  liability  to explosive dine mlna tlon. 

( 
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UNCLASSIFIED GP-10 

A. Blbltogfaphy 

None 

B.      Sumnur y 

The itabilttitlon of GF in itoraga could  probably be  accompllihed 
by  the tame method  that  li uied  foi GB. 
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CATEGORY   11 

LAULIil JltAl Q£ VAIVRUAIltiH 

Bibliography and  Data 

Porton  Technical  Paper  341    (1953) 

AHv,p    -16.3  kcal/mol   at  280C 

Salcctad  Valu« 

Latent  heat of vaporlaatlon  at  20oC  (6fl0P); 

16. 3 kcal/moi (85. 0 cal/g) 

GF-ll 

The value  In paragraph  B li given at 20oC  for the takr of 
uniformity,     It  actually repreientJ  the  average &H of GF between 
16° and  310C    ( tec  category   13,   para  A,   Item 6). 
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VUSkSJULJi 

Rit/.nvE v^fLQB Qimuy 
A.      Hlbltogriphy 

Non« 

Relative  vapor denilty:  6.23  (theoietical value) 

... deniis-'ofvaporatrandP •Relative  vapor density       d^-^^^.^.---^--^ 

UNCLASSIFIED 
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B1 b11ogr«phy 

1.       TDMR   12 

Tran 
In th 
the   f 

Th« 

2.       TDMR  131 

I, 

6. 

Porton  Te 

SO/R/803 

I 

Porton  Te 

Samp 

I 

Porton T« 

By e 

  

SECRET 

CATEGORY   n 

VAPOR   PRESSURE 

GF- 13 

nd  Pita 

£ (1947) 

forencc  method  uied.     Compound  proved  to be to umtable 
c apparatui  that  the experiment had lo be dlicuntlnued  after 
ollowlng data  were obtained. 

p » 0. 066 mm Hg at 260C 
0. 064 mm Hg a> 260C 
0. 040 mm  Hg  at  250C 

following value  obtained  by vacuum «ii itl llatlon  it  atio given 

'8.6  mm  Hg at  63° to 640C 

4   (1947) 

■ 3  mm  Hg  at   820C 

chnlcal  Paper  99 (1949) 

-1.6   mm   Hg  at   710C 

(1961) 

■ 4  mm   Hg  at   860C 

chnlcal   Paper  336    (1963) 

le  contained  radioactive   photphoroui  (P)^) 

■ 1   mm   Hg  at   00oC 

chnical   Paper   341    (1983) 

ution   manometer   ■ II 

p:    from   0.026  mm   Hg  at   16   C 
o,- to        O.iOIS  mm   Hg  at   31   C    (6  determination!) 
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SECRET aF-i3 

The  following aquation  wai derived  from  the  above  data by  the   method 
of leait  iquarets 

.«   nan       3347 (range     16°  to  310C) 
log  p »10.062  -   -y- (273   2OK-0.0OC 

Salected YxLlUU 

Vapor  presiute: 

(1) 0.0063 mm  Hg at 0oC  (   320P) 
(2) 0.044 mm  Hg at 20oC (   «H0F) 
(3) 0.56 mm   Hg at 620C  (12S0P) 
(4) 2.2 mm  Hg at 710C (ieo0P) 

C.     Dlicuiilon 1 
Porton  Technical Paper  341 (A6)  contain the only pteclie vapor 

ptenure  data on  GP that  are  available.     Values (81)  through (B4) were 
calculated  from  the  following equation  which  was derived  from  the 
data of thli report  by the  method of leait iquarei (A8). 

.„   «u«       3347 (ranges  18°  to  310C) 
log  p-   10.062   -—J- (273   2oK-0t0«>C) 

All of the valuei selected,   excepting x   i),   were  obtained by  extra- 
polation of the  data.     Value  (B4) It  probably  the  U&it accurate  of 
the  four due  to  the   la'ge  extrapolation (forty  degreei) Involved  In 
Iti  calculation. 

Valuei  were  not obtained  at temperaturei  below  0oC  because of 
the   lack  of data. 

n 
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UNCLASSIFIED 

CATE5 

Y-2i'^xuj.ty itJ. QMaaiMiMt AIB. 

GF-14 

Blbliogr>phy 

Non« 

Salected  Vtluci 

Volatility  In atmoipharlc  •In 

< 

(1) 
(2) 
(3) 
(4) 

0 
5 

18 

0.067   x  103  mg/rrJ  at     0oC  (   n20P) 
x  103  mg/m3  at  a0oC  ( 43 

0 10' mg/m3 

mg/m3 
at 
at 

820C 
710C 

680P) 
(1250P) 
(1600P) 

(0. 0063 mm Hg) 
(0. 044 mm Hg) 
(0. 04 mm Hg) 
(2. 2 mm  Hg) 

UNCLASSIFIED 
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SECRET op-ii 

CATEGORY  II 

ODOR AND  MEDIAN  DETECTABLE CONCENTRATION 

A.     Blbltogtiphy 

ETP  660-811/7    (19SS) 

B.    pumntpn 
1.      No data  on  the odor of GF. 

2.      The  median detectable  cancantratlon li  ilmllat  to that of GB 
I (16  mg/m3). 

1 

SECRET 

4. 14 



I 

No  d«t»   available. 

UNCLASSIFIED 

CATEGORY   16 

TPXICJTY  »Y  INHALATION 

GF-16 

UNCLASSIFIED 
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UNCLASSIFIED GF- 17 

No  dati   ivaiiable 

CATEGORY   17 

Uß   TOXIC1TY 

! 

UNCLASSIFIED 

4. 16 



UNCLASSIFIED 

eÄAl.. LSiSlSLLUr. 

No data «vallable 
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CATEGORY   19 

GP-ll 

SKIN   TOX1CITY   AND CLOTHING   PENETRATION 

A.     Bibliography 

1. Chemical Corpi Board Study  13-62    (19S2) 

2. MLRR  119    (19S3) 

I.      gtHVtttO" 

1,       For  vapor  GF: 

LCt80 ~ 16. COO  mg.mln/m3 

ICtfi0   -     6,000  mg.mln/m" 

For   liquid  GF: 

LDftO - 0. 14  gm/70  Kg  man  (naked) 
LDj)0 » 0, 84  gm/70 Kg  man (tingle  layer HBT) 
No data on IDS0  for  liquid GF. 

GF doai  not  affect  the  iktn but  whan It It abtorbed,   It  poltoni  the 
lyitam. 

Bated on  pig data,   an  LU60  would require an atr-tpray ground contamt 
nation of 8  g/m^  for  matked  troopt by tkln abiotption.     Protection 
afforded  by  a  tingle-layer HBT cloth covering on plgt was  tix-fold 
agalntt   liquid   GF. 

* 

\ 
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UNCLASSIFIED OP-« 

1£B?P  Of AJLTJi^ 

No data found. 

( 

1 

1 

' 
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UNCLASSIFIED 

DCTOXICATION  IN   THE  BODY 

No data  found. 
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UNCLASSIFIED OP-II 

UUa^Ai PRPTBCTIYE QJL Hill AIP M^ASyR«» 

A. Bibliography 

TM 8-286,   Treatment of Chemical Warfare Caiualtiei 

B. Pticuiilon 

In the treatment of GF caiualtiei,   ipeed of treatment It of the 
enenc«.     Caiualtiei ihould be removed from  poiilblllty of further 
contamination If ponlble and  given  an Immediate Injection of 
atroplne  and mbjected to artificial  reiuicitatlon.     Prcient thought 
li that atroplne Injection  alone,   while  helpful In caiei of mild 
expoiure,   li of little value in more levere expoiure unlen artificial 
reiuicitatlon li  applied.     Either of theie treatmenti alone li helpful 
but the combination of the two hai more than the additive value. 
Thorough  familiarisation with  the  tubject in reference  TM  8-28B 
li itrongly  recommended. 

UNCLASSIFIED 
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UNCLASSIFIED GP 23 

CATEGORY   23 

PBTBCTIPM 

A,     Blbllognphy 

1.      Initructior.i  •  Kit,   Chemical  Agent Analyser,   M10A1.   Ui« of 
(37   April  1964). 

3. Initructlom  •  Kit,   Chemical   Agent  Detector,   M9A3. 

8.      Initructlom  -   Kit,   Water  Teitlug.   Polioni  M-3 (14 July   1963). 

4. TM  3-290,   Individual Protective  and  Detection  Equipment. 

6,      TM 8-386,   Treatment of Chemical  Warfare  Caiualtlei. 

I.      Summary 

Objectively,   GP li  detected  by: 

(1)    Detector  kit (M9A3).     A  greenish - b lue  ring  appean  In white 
dot tube after  wetting with tolutlon  from green top bottle.    (Note. 
Thli li a general teit and  will be  potltlve  for C-agenti and/or 
CK)    (A3). 

(3)    Analyier  kit (MIOAl).     The  standard  test (Al)  which  contain! 
gtanulei from  a  whit« dot  tube  which  are  treated  flnt with a 
tolutlon of O-DN  and  then a tolutlon of PUR.     An orange  or  amber 
color  in  the  lolution  Indlcatei  the   pretence  of G-agenti  (or CK). 

(3) Water  teitlng  and  icreenlng (AN-M3).     Nerve  gaiei  are 
detected    by  a  color  reaction and  extraction of the  color  by an 
Immlicible   lolvent  (A8). 

(4) Wacet   teitlng  kit.   polioni (M4).      Thli  kit  enables  quantita- 
tive  determination of G-agents  (A3). 

(5) Food letting  and tcreenlng (ABC-M3).     The  nerve gatet are 
Identlflfd  by  their  reaction  with two tpeclal  chemlcalt  to  produce 
an  orange   or  yellow   color  (A3). 

(6) Vetlcant detector  crayon (M?,   M /Al).      Oropt  of liquid 
G   agent  cause   pink  crayon  marking!  or  dust  to   turn  yellow  (A4). 

(7) Liquid   vesicant  detector   paint  (M5).     Surfaces   painted   with 
detector   paint   show   a  change   in  color   from  olive  green  to  red 
when  contaminated  by  drops  or   tplashet of  G-agentt  (A4). 

UNCLASSIFIED 
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UNCLASSIFIED GF 23 

(8)    Liquid  veilcant  datector p«per (M«) (A4). 

Subjectively,   GF li  detected  by: 

(1) Phyelc«! appearance  -   colorlen liquid vaporlalng to form 
colorlen gai. 

(2) Phyilologlcal lymptomi •  v«pori may cauie  nauiea,   vomiting, 
and diarrhea  followed  by mi'icular twitching and convuUlon*. 
Even in low concentration!,   vapor cauiei pupili to contract,   and 
vision becomes difficult in dim  light and  headache may retult. 
A   tense  of tightness  In the  chert  may be  noticed.     Contraction 
of the  pupils may  not  appear  as a  warning sign of liquid  pene- 
tration (A4,   A6). 

( 

( 
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UNCLASSIFIED GF-24 

PROTECTION 

BlbMogrtphy 

1. TM 3-216,     Mtllitry  Chcmlitry  •nd Chemie«! Agenti. 

2. TM 3-280,     Individual  Protective  and  Detection Equipment. 

3. TM 8-286,     Treatment of Chemical  Warfare Caiualtlei. 

Summary 

Protection agalnit '<P may  be  afforded by  the  uie  of the   protective 
maik.     Impermeable  protective  clothing  li  required for  protection 
agalnit  liquid G-agcnti  (Al,A3).     Prctectlve dubbing Italic  uied (A2). 1 
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^IAIII^RY   2 6 

(3F-26 

PBCONT^M^^TtON 

< 

Bibliography 

1. TM   3-216,     MllKary  Chemistry   and  Chemie«!   Agenti, 

2. TM  3-220,     Decontamination. 

3. TM  8-285,     Treatment  of Chemical  Warfare  Caiualtlei. 

Summary 

i'or penonnei,   toap and water  rather than  protective ointment 
are  uied  for removal of liquid  contamination.     Immediate  and 
thorough  action  1> necenary In removing  nerve gaiei (A2).     The 
following fluid« are  more  tatlifactory than toap and  water  and 
should  be uied If available: 

(1) A  slurry of one  part bleach In three  parti of water. 

(2) A  five  to ten  per  cent  mlutlon of «odium  carbonate. 

(3) A  five  to ten  per  cent tolutlon of ammonium  hydroxide. 

(4) A   two  per  cent  tulutlon  of todlum   hydroxide. 

If water alone li available,   blot  the excen liquid off rhe   ihin, 
then  «oak  a  freth cloth  with  water  and scrub  the  area  turning 
the  cloth   with  each  bit  of scrubbing  to  expose   a   clean  «urtace. 
If a splaih of liquid  nerve ga« «huuld get Into  the eye,   it ihould 
be  flu.hed   »uf Immediately with  water (A3). 

For   materiel   and   areas,   in   the  caie   of liquid  contamination, 
aeration,   hot  toapy  water,   bleach  «lurry,   and  tolutlon«  of commer- 
cially  available   alhatli,   «uch  as caustic  soda  and  so a   ash (A 2). 
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Taohr'cal Ifaae,  Comori !<■■■, 
Fomul* and Molacular Walfibt 

Ethyl dlnathjriphoaphoraBtdo- 
eyanldat« 

CyanndliMthylaDtnoethoxjr- 
phoaphtna oxtda 

Tabur 

V » 

0 

16a. L'j 

Can, 

Taopropyl aathylphoaphono- 
fluorldata 

Fluorolsopropoxoraathy L- 
phoaphtna oxide 

NERVE GASES 

Thyalologlcal Action, Taetleal Uaa, 
Htatua, Ruaalan Intaraat 

Nerve gaa 

Usually aaployad at a nonparala- 
tant apray or paralatant «round 
oontaalnant. It la v«.ry affao- 
ttva In produeln« laaad'ata 
oasualtlaa. 

Llaltad Standard 

Ruaalana havt «raat tntaraat In 
OA aa a warfar« «fiant. 

Bar In 

CH. 

I 
I 

j 
0 

0 - CI 
I 
CH. 

1,2,2-TrloathyIpropy loathy1 
phoaphoncfluortdata 

f luoroaMthylptnaeolyloxy- 
phoaphlna ox Ida 

a-nwii 

CH, 

182.16 

t n, ril 

p OCH  — c 
II 1 
0 (Ml 

CH, 

Cyclohaxyl nisthyIphoaphono- 
f luorldat« 

Cyc Lohaxy loxyt'lui>r'«ii«thy 1 - 
phoaphtna  ox Ida. 

Cyolohaxyl mathyl  phopphono- 
riuorldata 

CBA -  0 

CMQ - CHj 
I   ' \ 
CH 
' / 
CH-, -  C%> 

0%, 

Lrio.U 

Narva gaa 

Uaually dlaaamlnatad *a a non- 
para tatant apray.    It la vary 
affaotlva  In producing lAsadlata 
caaualtlaa. 

atandurd 

Ruaalana hava graat Intaraat In 
aB aa a warfara agvnt. 

fhyaloal Stata at »om Tcaparatura, 
Malting Fo'nt, Boiling ?olnt 

ColorlaM liquid of lov 
volatility 

IP : l»30o to 1*65^ 

(1A of plant purity; 

Ambar to brown In polar 

Narva earn 

Uaually aaplnyad as a nonparala- 
tant apray for paralatant ground 
[Mmtaalnant.     It la vary affao- 
t tva  In produclnd InMdlata 
oaaualtlaa. 

Nona 

Ruaalana  probab'.y  hava  Icnowladga 
01' t.hla a^ant.    Irfhathar or not 
Uiay  hava  thta agant   In  produn- 
t. trm  ia BSI  luiown. 

Narv«  gaa 

Uaually anployad aa a  nanp»rata- 
tant apray  or  parnlstant  gr'ound 
i'ontamtnant.     It la vary effxej- 
M'•■•   In  producing  tnaadlata 
MUKualt. laa. 

Nona 

Whathar  tha Ruaalana ara   tntaraat 
fA  aparlf teal ly   In  thta agent,   la 
not   known. 

Colorlasa liquid of low 
volatility 

HP ■"  -69^ 

if-» W"^ (with dao 

OB of piant  purity: 

Itton) 

Baiw appaaranc?» aa tba j^ura 
j'taapound * 

MP » balow -tV^T 

Colorlnta  liquid of low 
volatl' 

Tf    not raadlly dataralnabia 

flP ■- 280° tu »'UO0 (thaoratlcal) 

Colorleaa   liquid of   low 
vol«ll Uty. 

IT 

19 

Liquid Dai.alty In g/.i"' 

1.139 «t -UoPt 
1.100 at 32°? 
1.080 at 68°» 
1.031 at 16099 

OA of plant purity; 

1.09 to 1.11 at 32°! 
1.07 to 1.09 «t 68°? 

1.16   at uoor 
1.118 at ia0? 
1.099 at 68°? 
1.03* at 160°? 

OB of plant, purity: 

i.-2 to 1.13 at 
1.09 to 1.10 at 

320r 
68°? 

Solubility  In Organic 
80Ivanta 

Raadlly aolubla 
alaoat all e 
organic  aolvanta 

In 

Solubility in Vatar 

Tag o*/iooog. ^ 
solution at (Ant. 

Raadlly aolubla In 
alaoat all ooanon 
organic aolvanta. 

1.08   at -1*0°? 
1.0l»6 at 32°* 
1.02? at 68*7 
0.9Ö0 at 160^ 

1.19 at -uo°r 
1.193 at 32°» 
1.133 «t 68°? 
LOOP at  160^ 

T<w solubility erf OD 
In organic solvants 
Is probably vary ola- 
tlar to that of 01. 

Tba solubility of (IT 
in (irganic solvants 
la probably vary ala- 
tlar to  that of OB. 

OB la eeHplstaly 
■isolbls with 
watar. 

aig OD/lOOOg. 
solution at öß'V. 

37g 0F/I000g. 
solution at '•>* r 

J 



NERVE GASES 

>lubUltjr tn Ortßnlc 
Boivmntm 

»•411/ aolufel« in 
Mt all coMon 

■«■nla aolvanta. 

BolubUlty In »it«r 

Tag OA/IOOO«. 
•olutton at 68*^. 

aadilj aolubla in 
laoat all craaaian 
raanle aolvanta. 

ba aoluMlUjr of OD 
a organic aolvanta 
,a probablj vary ala- 
lar to that of OB. 

1 

OS la QOHplateljr 
■ laollil« with 
watar. 

21« OD/I000g. 
aolutlon «t fifrr ■ 

Rata of nydrolyal« 

At 68°? and pa 7.0,  tha 
half-Hf, of hydrolyala 
of OA la 8.5 hoara. GA 
raaota alowly with watar 
and fairly rapidly yith 
atrong alkalia with aalf- 
tmffarln« at pH U.!). 

At 77*^ and pH ? .5 tha 
half-Ufa of hydrolyala 
p* OB ta 23 houra.    Tha 
raia of hydrolyata  of 08 
la varlahla with pH and 
conoantratlon. (IB hydro- 
lytaa with tha •iimitm- 
tlon of hjrdrofluorlo 
aold. 

TBa aolublllty of OF 
in oratnlo aolvanta 
la probably »ary al»- 
llar to  that of OB. 

37g or/iooog. 
aolutlon «t 68 r 

At 77°? and pi 6.65.  tha 
half-Ufa of hydrniyiia 
of OD ta U5 huura. Tha 
rata of hydrolyala la 
varlabla with pll   Qii hy- 
drolytaa with th« •lim;- 
nation of hydrofluoric 
»rid.  In ">% ■•xllmi hy- 
drozlda aolutlon, hy- 
drolyala waa coapUt« in 
laaa than flva atnutaa. 

At 77V tha hair-llf. 
hydrolyala of Or la kS 
houra (no pB ÜMiftod] 
Of hydrolytaa with th« 
• llalnatlon of hydm- 
fluorlo aold. 

or 

rrr. •»« of Baat and BLaat, 

OA  ta  InflanMbla  In «tr.     Ita 
cloaad-up flaah point In atnoa- 
pharlr air (r60 an Jbt)  la  17.'". 

Dacoaipoaltlon takaa placa with- 
in thraa houra at 30O0?. 

OA undargoaa eonetdarabla da- 
ccapoaltlon whan dlaaatalnatad 
axploalvaly '.•)■ dlaaaalnated hy 
tharaal ganarattnn. 

10 

Daccaipoalt.Ion    f Oit la conplata 
wlt.hln  two and ona-lialf hour' 
• t about 300^, 

OB daconpoaaa roughly to tha 
axtant of al>out  VO^ vhan dla- 
aanlnatad a-rploalvaly and 
about 3<H «han dlaaanlnatad 
by tharaal ganaratlon. 

On haattng GD to about   l0nr>r, 
It pyrolyiaa  Into aathyl 
fluorophoaphlnla add and  lao- 
haxylana. 

Ho data found on  Ita atablltty 
to axploatva dlaaamlnatton. 

Dri-unpoaltlon  t.altoB  plm-a with- 
in two houra "t.   iOO0?, OF pyro- 
lyip«  to nwthyl   fluorciphua- 
phlnlc «t»td,  eyu lohaxana , 
mathyl  phuaptionyl  dlfluortde 
»'id oth»r  prKlui-t». 

Ho data  found on   Ita atabtllty 
to axploatva  dtaB»inlti»tlon. 

Stability  In Btarnif,  Action on 
Matala 

OA  la atabla  In ataal for aavaral 
yaara but haa baan found to undar- 
go conplata daooaipoaltton within 
threa montha Bt 150°?. 

Tha oorroalon rata of OA on (taal 
haa baan found to ba 3.1*xlO*5 

tnchaa panatratlxi par atontn at 

11 

latant Baat of 
VapiirtiBtlo») 

16 kcal/mol 
(IÜ0 c»l/ii) at 

ip 

Trt-n-butyl and trlathylaalna 
appaar to ba about aqually affac- 
tlva »a atablllzara for OB. Thua 
atabllltad It awy ba atorad  tn 
ataal for  long partoda of tlna at 
taaparaturaa up to l60oF with not 
mora than 5 to 10)1 dacaapoattton 
and no appraclabla oorroalon. 

Tha daootapoattlon of unatBbtlUad 
OB la not appraalably graater 
than that of atabtllzad OB. 

Tha atabllliatlon of OD In ator- 
aga could probably ba acoaaipltahad 
hy tha aaoa aathod that  ta uaad 
for (». 

Th» at.BbUliBtton of OT tn ator- 
«ria i'ould probably ba accoaip- 
Llah-td by th*  aan« method thnt,   ta 
uaad  for OB. 

11.9 Icoal/mol 
(«5.0 e»l/g) at 

U.l koal/mol 
(79.3 oal/g) 
bav.   an 113° 
and   ifbVT. 

m.3 kcal/aol 
(r8.6 cal/g) at 

15.3 koBl/mol 
(H',.o nl/f] Bt 

RaldtlvB Vap'^r 
Dana it) 

r>.60 (thao- 
ratloal valua] 

U.HU Uhao- 
ratloal valua] 1 

6.30 0 
ratloal valua) 

6.23 (thao- 
rBtloal valu«) 

1 
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Vnpor Prsaaurt 

0.006 mm  H-- «t 320f 
0.017 iw H« «t 68°»' 
O.U      mm  II« -t IS^0? 
2          on H« at loO'V 

0.010 ma H« at 
0.0'>f, on B« at 
O.UU an BA ot. 
1.96 on Bg at 

«vU m IV a», 
3% 5 ■t  H« at 

-UO0»1 

o'V 
32»r 

121^ 
'.tioor 

'i.uti. on Bg «t 33°? 
0.30    on B«! at 68°? 
2.2      SB H« at U^'V 
7.9      n« H« at Ifio0? 

Ü.OOfct  BD BM at 32°? 
n.OUU    BM U «t (iH"F 
0.^6     a IB at 1.2")''r 
2.9        H Bri at 160^ 

Ik 

Volatility In Atagipharlo *lr 
In »«/n' 

0.06xl03 at  32°^ (0.006 
0.33X1O1 at 68^ (0.037 
3      xlO^ at  125^(0.1» 
15    «10^ at  IfBTOI 

B«) 

0.0096x10^ at ■M^T (0.010 na Bg) 
0.O8U xlO* at 
0.36    xlOJ* at 
1.50    xlO* at 

0°? (0.096 an Bg) 
l."T (0.1.1.    na «*) 
68°? (1.'^  «■ m 

9.2ri    xlOj at 
•3,1      xlO* at 

12nOF(13.'*     m Eta) 
IhOMV-'t     m Bg) 

0.36x10? at    33°» 
2.0 xlO^ at    M"^ 

20      xlC' at  125°? 
65      xloJ at  160^ 

{0.0'M m Bg) 
0.20    oa Bg) 

h.S      wr. il«) 
(7.9      ma Bg) 

O.Oft.'xlo' at 3^°l, (0.0063 m Bg) 
O.'H  «10' at hfl^ (O.OU    us B«) 
n.o    xio' at UVT (U.t)6      an Bgh 

18        «lO1 at i.-D'r (3.2        aa Bg) 

iL 
Odor and Madlan 

Dataotabla Concentrat tun 

Fruity or awaat odor. 

Madlan datactabl« eoncantra- 
tlon la 2.'> mg/m3 by odor. 

Scarcaiy dataotabla by odor. 

Madtan dataotabla conoantra- 
tlon la  16 ag/«3 by odor. 

Svaat,  fruity,  or nuaty odor 

Madlan dataotabla conoantra- 
lion  la  ! mg/mJ, 
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Toxlclty 
by Inlialntlun 

Madlan  lathal axpoaura 
la 500 Dg Bin/»)  rnr   10 
Bin axpoaura. 

Madlan tnoepacltatlng 
•xpumira  t« 100 ag 
«In/m    for a  10 atnuta 
•xpoaur«.    Q-nnntn 
oauM gtraisgulactan by 
branchial oonatrUtlon. 

Latnal axpoaura, 
100 ag aln/a'  for a 
mating aan (2 to 10 
mlnutaa). 
Inoapacttatton: 
15 to i«0 ag aln/a'. 
Inhalctton oauaaa atran- 
gulattan dua to brun- 
ohlal oonatrlotion. 

iL 
Eya Toxloity 

Agant la tosto to ayaa. 
Vapor oauaaa pupil of 
aya to contract. 
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Oral Toxloity 

Ho luaan data 

No data on odor of Of. 

Madtan dav .^.afcla conuantra- 
tlon la alatlar to that of 
an. 

Ma-ttal lathal »xpoaura 
for OD la about  104 
aore toxic than OB.  In- 
halation oauaea atran- 
gulatton dua to bron- 
chial oonatrlotion. 

No data  found . 

3.5 mi/70 k« aan of 
liquid In aya oonatt- 
tutaa a  lathal doa« for 
Ban.    Vapor  In  low con- 
cantratlona oauaaa tha 
pip 11 of tha aya to 
contract. 

No date found. 
Probably tha aaca aa OB. 

No data found. 

lathal 
doaagr of 9.0 
Bg^Okg aan 
oarrlaa ciuaula- 
tlva affaota 
whloh laat for 
daya. 

No huatan data. 

No human data. 
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Okln Toxloity and 
Clothing Panatratlon 

Body axpoaura (»apor)i 
Inoapaoltatlon at  12,000 
ag atn/a1-; aadlan lathal 
axpoaura la 20,000 Bg 
Btn/m1.    Bkln oontaalna- 
tlon (liquid); Madlan 
lathal doaaaga la 0.3J 
91/70 kg aan (aatlaatad 
fron anlaal data).    Ona 
drop on akin will oauaa 
daath of aan In a ehort 
tlaa^  

Vapor:   Inoapaoltatlon at 
b,000 ag aln/a3  In taa- 
parata condltlona;   lathal 
axpoaura aqua la  n.OOO 
ag Bin Atj In taaparata 
condltlona.    Llqutdt    In 
t»mp«r«ta 0 nnd111ona, 
lathal axpoaura aquala 
1.5 W«/70 kg aan.  Liquid 
-I'wa doaa not In Jura 
akin but (nnatrataa 
rapidly ai\d po aons tha 
body. 

Agont  ta highly toslo by 
akin abaorptlon.  Liquid 
doaa not  tnjura tha akin 
but pulaona tha body. 

Vapori    aaaa aa for Gfl. 
Liquid:  Lathal doaaga 
aqua la O.lU 40/70 kg aan 
(nakad), 0.81» m/70 kg 
aan («tngla layar HBT). 

SECRET 
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 1? _ 
■kin Toslolty and 

OletlilRC tnwtrattan 

Body «xpoMir« (tafap)i 
XnMfaaltatlen «t 12,00C 
■g ulii^S, MAira latlMl 
•ipoaur« 1« 10,000 ag 
■In^t*.   iktn oaataBlaa- 
ilaa (11«HU)I NrtUm 
lethal doaaaga la 0.23 
mho kg Mn («atlMtad 
froa aalMl date).   Ona 
drop on akin will eauaa 
daatk ef MB la a ahort 
tlM. 

80 

•»•ad of 
Aotloo 

Tory rapid, 
daata uau- 
ally within 
1 hour aft- 
ar aspoauro 

Tapori  XneaiaeltatlaB at 
9,000 mi Bla^3 m urn- 
pertta oontltlonai latkal 
oxpoaura a^uala 19,000 
ag ataAi'3 In ta^arota 
ocodltlona.   t^-tdi    In 
Ummrmi* aeailtlena, 
latäal mpoaara aquala 
1.9 tß/70 kg MI». UfHld 
doaa doaa net laJura 
akla but paaatratM 
rapidly aal pelaona tha 
body. 

Tory rapid, 
dMtk uau- 
ally vlthlB 
StO atautaa 
aftar as- 
poaura. 

Satoilaatloe 
la tha Body 

No hvawn data. 

itgaat la hl#ly toale by 
akla abaorptlon. Uquld 
doaa not lajwr* tha akla 
but polaona th 

Tapori    Bam «a for 01. 
Llqutdi  Lethal duaagt 
«qu*la O.lh mho kg aan 
(rnkad), 0.81» piAO kg 
Mn (alngl« layar m). 

le data 
fwad. 

10 CMIU 
found. 

DetoxtootIon 
la Mn la vary 
low.    It la 
qiaulatl«e. 

lo data found. 

■o data found. 

Midloel Proteottte or 
rirat Aid Maauraa 

'ferulnnlon of expo- 
aura, etroplne ad- 
■Inlatratloa, reaua- 
cttetlon, and uae of 
aatl-uonvulalva druga. 

Terutnetlon of expo- 
aura, etroplne edaln- 
latretton, reeueolta- 
tlon, end uae of antl- 
oOBTulelve druge. 

TaralMtlee of 
eure, etroplne edala- 
latration, raauaelta- 
tloa, and uae at autl- 
oonvulelve drug'. 

Teralaetlon of axpo- 
aur«, atroploa adaln- 
latretton, reeueolte- 
tlon end uae of entl- 
oonvul.ilv« druge. 

Deteotlon 

N9A2 deteeter klti 
M10A1 analyiar klti 
oblerealM-T with e 
eelutlon of gMM- 
pleollM end phrnyi- 
pyraiolone. By «on- 
etrtrtton of «Mat, 
then by aloala. 
golutlon of dlenlel- 
dlM end peroxide 
ylelde an oreage or 

oolor. 

M9*S deteotor klti 
MXOtl enelyier kit, 
aolutlon ot' dlan!-' 
dine end p«' 'mm 
yleide an >> Vfnp iv 
eabar ooi 
By oonatrt   •inn n' 
ahaat, th      >; atnaia 

N9d8 detei 
NlQdl anal, 
aolutlon « 
dim and f 
ylelde en tfi 
«■bar ooio» 
By oonati-l 
cheat., then 

«Ui 

üid« 
ige «IT 

•-.   if 

N9da dateolc 
MlOAl .rv.!,. 
eoli tlon of  i 
dine end par 
yla]4« an ■»■ . 
aaber oolur. 
By oonat.rli'1 
ohoet, then V 
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w-e «?<"*»%» vo. 

. ■  . 

»i- ■v'.J-V ■ V 








